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IJSTTRODUCTIOK 



NECESSITY, OBJECTS AND PLAN OF THE 
LABORS OF THE CHEMIST OF THE COT- 
TON PLANTERS' CONVENTION. OF 

GEORGIA. 



The rato of the decennial increase of the white population of Geor- 
gia, has with the exception of a single period, progressively dinainishcd 
from 1790 to 1860; thus the decennial increase from 1790 to 1800 was 
92.25 per cent., from 1800 to 1810, 43.01 per cent., from 1810 to 1820, 
30.36 per cent., from 1820 to 1830, 56.57 per cent , from 1830 to 1840, 
37.36 per cent-, from 1840 to 1850,27.93 per cent., from 1850 to 
1859, 9.56 per cent., and if the same rate of increase has continued up 
to I860, the decennial rate of increase between 1850 and I860 will be 
10.62 per cent The increase of the white population of Georgia, be- 
tween 1850 and 1859 has been very little greater in actual numbers, than 
the increase between 1790 and 1800, notwithstanding the great differ- 
ence bet w en the population at the commencement of these periods; thus, 
in 1790, the white population numbered 52,886, in 1800, 101,678 
giving an increase of 48,792, in 10 years, in 1850 the United States 
census assigned 521,572 as the number of whites in Georgia, whilst the 
State c3nsus of 1859 gives only 571,534 whites, showing an increase 
in nine years of only 49,964. 

The rato of the decennial increase of the free colored population of 
Georgia, has with slight variations progressively decreased from 1790 to 
1859 ; thus the decennial increase from 1790 to 1800, was 156.03 per 
cent, from 1800 to 1810, 76.74 per cent., from 1810 to 1820. an actual 
decrease of 2.1 percent., from 1820 to 1830 an increase of 41 per cent., 
from 1830 to 1840, 10.74 per cent., from 1840 to 1850, 6,46 per cent., 
from 1850 to 1859, 12.31 per cent. 

The rate of the decennial increase of the slave population, has with the 
exception of one period, progressi\ely diminished, from 1790 to 1860 ; 
thus the decennial increase from 1790 to 1800 was 102.99 per cent., 
from 1800 to 1810, 77.12 per cent, from 1810 to 1820, 42.23 per 
cent, from 1820 to 1830, 45.35 per cent , from 1820 to 1840, 29.16 
per cent., 1840 to 1850, 35.85 per cent,, 1850 to 1859, 15.19 per 
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cent., and if the slave population has advanced at the same rate up to 
1860, the decennial increase from I80O to 1860 will be only 16.85 per 
cent. 

The rate of the decennial increase of the entire population of Geor- 
gia has progressively diminished from 1790 to 1860 ; thus the decen- 
nial increase from 1790 to 1800 was 96.37 per cent., from 1800 to 
1810, 55.62 per cent., from I8I0 to 1820, 35.08 per cent., 1820 to 
1830, 51.56 per cent., 1830 to 1840, 33.77 per cent., 1840 to 1850, 
31.06 per cent,, 1850 to 1859, 13 per cent., and if the same rate of 
increase has continued up to I860; the decennial increase from 1850 to 
1860, will be 14.44 per cent. 

The comparative examination of the population of the counties of 
of the State of Georgia from 1790 to 1859 reveals the following im- 
portant facts : 

1st. The -population of the first settled counties in the South East- 
ern portion of the State, has remained stationary, in most of the 
counties for the last 15 years, in some there has been a slight in- 
crease; whilst in others there has been an actual decrease of popula- 
tion. 

Thus the population of Liberty county in 1790, was 5355, in 1800, 
5313, in 1810, 6228, in 1820, 6695, in 1830, 7233, in 1845, 7371, 
in 1850, 7926, in 1859, 8408; of Mcintosh in 1800, 2660, in I8I0, 
3739, in 1820, 5129, in 1830, 4998, in 1845, 5630, in 1850, 602S, 
and in 1859, 5583; of Camden in 1790, 305, in 1800, 1681, in 
1810, 3941, in 1820, 4342, 1830, 4578, in 1845, 5482, in 185o, 
6319, in 1859, 5387 ; of Glynn in 1790, 413, in 1800, 1874, in I8I0, 
3,417, in 1820, 3,418, in 1830, 4,567, in 1840, 5,302, in 1845, 
4,327, in 1850, 4,933, in 1 859, 4,009 ; of Bryan in 1800, 2,836, in 
1810, 2,827, in 1820, 3,021, in 1830. 3,139, in 1845, 3,358, in 
1850, 3,424, in 1859, 3,763; of Wayne in 1810, 676. in 1820, 
l.OlO, in 1830, 9,63, in 1845, 1,290, in 1850, 1,499, in 1859, 2,384; 
of Tatnall, in 1810, 2,206, in 1820, 2,644, in 1830, 2,040. in 1845, 
2,508, in 1850, 3,217, in 1859, 3,411; of Telfair, in 1810, 744, in 
1820, 2,104, in 1830, 2136, in 1845, 2,753, in 1850, 3,026, in 
1859, 2,723 ; of Bulloch in I8OO, 1,913, in 1810, 2,305, in 1820, 
2,578, in 1830, 2,587, in 1845, 3,305, in 1850, 4,300, in 185^, 5.545; 
of Screven in 1800, 3,019, in 1810. 4.477, in 1820, 3,941, in 1830, 
4,776, in 1845, 5,822, in 1850. 6,847, in 1859, 7,884 ; of Effing- 
ham in 1790, 2,424, in 1800, 2077, in 1810, 2,586, in 1820, 
3,018, in 1830, 2,924, in 1845, 3,457, in 1850, 3,864, in 1859, 
4,606; of Burke, in 1790, 9,467, in 1800, 9,506, in 1810, 10,858. 
in 1820, 11,577, in 1830. 11,833, in 1845, 13,636, in 1850, 16,100, 
in 1859, 16,529; of Jefferson in 1800, 5,684, in 1810, 6,111, in 
1820, 7.056, in 1830, 7,309, in 1845, 8,306, in 1750, 9,131, in 
1859, 10,369. 

The population of Chatham is not given, because in this county, is sit- 
uated the largest city of the state, the increase of which depends espe- 
cially upon its relations with distant portions of the state, and but secon- 
darily upon local causes, as climate soil and Agriculture. 
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In examiniDg the progress of the population in this group of counties, 
it is important to note that those counties which have progressed most 
steadily in population, and which have reached the highest figure, are 
those, as Burke and Jefferson, which are situated in the eocene lime for- 
mation of Georgia. 

2. The population of the earliest settled counties in middle Georgia, has 
in most cases, progressively decreased for many years past. 

Thus the population of Clarke county in 1810, was 7,628 ; in 1820, 
8,767 ; in 1830, 10,176 ; in 1845, 10,'M8; in 1850, 11,119 ; in 1859, 
10.980 ; of Warren in 1800. 8,829, in 1810, 8.725, in 1820, 10,630, 
in 1830, 10,946, in 1845, 11,468, in 1850, 12,425, in 1859, 9,676 ; 
of Lincoln in 1800, 4,766, in 1810, 4,555, in 1820, 6,458, in 1830, 6,- 
145, in 1845, 7,899, in 1850, 5,998, in 1859, 5,310; of Franklin in 
179:), 1,041, in 1800, 6,860, 1810, 10,Sl5, in 18?0, 9,040, in 1830, 
10,107, in 1845, 10,030, in 1850, 11,513, in 1859, 7,107 ; of Ogle- 
thorpe, in 1800, 9,780, in 1810, 12,297, in 1820, 14,046, in 1830, 13,- 
618, in 1840, 10,868, in 1845, 11,001, 1850, 12,259, in 1859, 11,820; 
of Putnam in 1810. 10,029, 1820, 15,475, in 1830, 13,261, in 1845, 
10,939, in 1850, 10,794, in 1859, 10,360 ; of Wilkes in 1790, 31,500, 
in 1800, 13,103, in 1810, 14,887, in 1820, 17,607, in 1830, 14,237, 
in 1845, 11,042, in 1850, 12,107. in 1859 10,510; of Habersham, in 
1820, 3,145, in '30, 10,671, in '45, 8,411, in '50, 8,895, in '59, 5,952 ; 
of Jasper in 1820, 14,614, in '30, 13,131, in '45, 10,560. in '50, 11,486, 
in '59, 11,129 ; of Greene iy 1790, 5,405, in 1800, 10,761, in '10, 11,- 
670, '20, 13,589, in '30, 12,599, in '45, 11,973, in '50, 13,068, in '59, 
11,784 ; of Washinffton, in 1790, 4,552, in 1800, 10,300, in 10, 9,940, 
in '20, 10,627, in '3l), 9,820, in '40, 10,565, in '45, 11,272, in '50, 11,- 
760, in '59, 11,516; of Columbia, in 1800, 8,345, in '10, 11,242, in 
'20, 12,695, in '30, 12,606, in '45, 11,270, in '50, 11,961, in '59, 12,- 
097 ; of Richmond (city of Augusta in this county,) in 1790, 11,317, 
1800, 5,431, in '20, 8,608, in '30, 11,644, in '45, 14,090, in '50, 16,- 
246, in '59, 20,107 ; of Jackson, in 1800, 7,147, in '10, 10,569, in '20, 
8,353, in '30, 9,004, in '50, 9,768, in '59, 10,540 ; of Hall, in 1820, 
5,086, in '30, 11,748, in '50, 8,713, in '59, 9,797 : of Gwinnett, in '20, 
4,589, in '30, 13,289, in '50, 11,257, in '59, 13,223 ; of Walton in '10, 
1,026, in :;20, 4,192, in '30, 10,929, in '50, 10,821, in '59, 10,882; of 
Morgan, in 1810, 8,369, in '20, 13.520, in '30, 12,046, in '50, 10,744, 
in '59, 9,679 ; of Jones in '10, 8 597, in '20, 16,570, in '30, 13,345, 
in '50, 10,224, in '59, 8,609 ; of Hancock, in in 1800, 14,456, in '10, 
13,330, in '20, 12,734, in '30, 11,820, in '40, 9,659, in '45, 10,049, in 
'50, 11,578, in '59, 12,049. 

The population of the newly settled counties of middle and northern 
Georgia, notwithstanding its rapid increase in the first years of the set- 
tlement of this section of the state, is now becoming stationary in some 
counties, and in a few counties has already commenced to decrease. 

Thus the population of Coweta in 1830, was 5,003, in '45, 10,911, in 
'50, 13,635, in '59, 12,628 ; of Crawford, in 1S30, 5,313, in '40, 8,493, 
in '50, 8,984, in '59, 7,504; of Henry, in 1880, 10,566, in '45 13,455, 
in '50, 14,726, in '59, 10,732; of Harris in 1880, 5,105, in '45, 14,138, 
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in '60, 14,720, in *59, 13,648; of Fayette, inl 830, 5,504, in '45, 7.514, 
in '50, 8,709, in '59, 7,225; of Pike in 1830, 6,149, in '45, 11,394, in 
'50, 14,305, in '59, 9,751 ; of Paulding in '45, 4,439, in '50, 7,039. in 
'59, 6,175 ; of Newton in 1830, 11,155, in '45, 12,089, in '50, 13,296, 
in '59, 14,241 ; of DeKalb in 1830, 10,042, in '40, 10,467, in '45, 11,- 
055, in '50, 14,328, in '59, 8,418; of Talliaferro in 1830, 4,934, in 
'45, 5,801, in '50, 5,146, in '59, 4,808 • of Talbot, in 1830, 5,940, 
in '45 14,192, in '50, 16,534, in '59, 13,816; of Union, in 1845, 5,812, 
in '50, 7,234, in '59, 4,084; of Upson, in 1830, 7,013, in '45, 9,828, 
in '50, 9,424, in '59, 10,172 ; of Meriwether, in 1830, 4,422, in '45, 
15,381, in '50, 16,476, in '59, 15,023. 

4. The counties of the north-western portion of the state, the geolog- 
ical formations of which are more recent than middle Georgia, and older 
than those of the cretaceous and tertiary formations of Georgia, have 
been but recently settled and in most cases are rapidly increasing, and it 
is therefore at the present time impossible to say what the limits of the 
population will be, especially as the soil contains more lime than any 
other portion of Georgia, and appears to be more inexhaustible under cul- 
ture. 

5. The counties of the southwestern portion of the state, embracing 
the cretaceous and more recent eocene lime formations, like the counties 
of north-western Georgia have been but recently settled, and are rapidly 
increasing by emigration from the older counties of the state ; and it is 
impossible at the present time to assign the probable limits of the pop- 
ulation with any degree of certainty, 

We may however from a careful review of the rapid increase of pop- 
ulation, and from a careful consideration of the resources of the soil of 
north-western and south-western Georgia, affirm that under the same 
exhausting and reckless system of agriculture which has been pursued 
in the older counties, the population of these portions of the state will 
in the course of fifty years, reach its culminating point, and the tide 
will then flow to the rich lands of n6wer states. 

The exports and imports of Georgia have not increased in a corres- 
ponding manner with the population ; thus the exports from 1820 to 
'30, were $46,689,146 and the imports $5,173,224; from 1830 to '40, 
exports $73,493,949, imports $4,941,252 ; from 1840 to '56, exports 
$44,859,125, imports $3,147,915; from 1850 to '58, exports $62,- 
427,852, imports $4,080,199. 

The increase in the yield of Cotton in Georgia has not corresponded 
with the increase of population ; thus the number of bales of Cotton 
produced in 1824, was 152.735 ; in 1825, 138,000; in 1826, 
190,592; 1827, 233,920; in 1828, 153.749 ; in 1829, 249.166 ; in 
1830, 253,117 ; in 1831, 230,502 ; 1832, 276,437 ; in 1833, 271,025 ; 
in 1834. 258,655 ; in 1835, 222,670; in 1836, 270,121; in 1837. 
262,971; 1838,304,210; in 1839,205,112; in 1840, 292,693 ; in 
1841, 148,947 ; in 1842, 232,271 ; in 1843, 299,401 ; in 1844, 255,- 
597 ; in 1845, 295,440 ; in 1846, 194,911 ; in 1847, 242,789 ; in 1848, 
254,875; in 1849, 391,372; in 1850, 343,635; in 1851, 322,376; in 
1852, 325,714; in 1853, 349.490; in 1854, 316,005 ; in 1855, 378,- 
694 ; in 1856, 389,445. 
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If we examine these facts collectively and endeavor to determine 
their causes, we will find that the main cause, which is of far greater 
importance than emigration, changes of climate and seasons, the value 
of produce and other causes, is that system of Agriculture, which takes 
for granted that soils are inexhaustible, and which has regarded the 
interests alone of the acting generation. 

The lands of Middle Georgia, which, at the time of their first settle- 
ment, were clothed with a dense and magnificent forest, and covered 
with the accumulated mould of thousands of years, and which yielded 
most luxuriant and profitable crops of Cotton and Corn to the early 
cultivators, who imagined that the soils would last forever without either 
rest or manure, and without any attention to hill-side ditching and 
plowing, now present the monotonous and dreary spectacle of bald, 
barren, red clay hills, marred by deep furrows and yawning red gullies. 
^ The same result has followed this system of culture in the southern 
portions of Georgia. The effects are not so patent to the eye, because 
the country is level, and because the rivers afford inexhaustible supplies 
of organic and mineral matters to the Bice plantations. 

It remains to be demonstrated whether or not, the fruitful plains of 
South-western Georgia, and the fertile vallies of North-western Georgia, 
will share the same fate. The reckless exhaustion of land has been, by 
no means, confined to Georgia. 

When Massachusetts, Connecticut, New York, Khode Island, Mary- 
land and Virginia were first settled, the same exuberant fertility was 
attributed to the soils of these old States, which has since characterized 
those of Georgia, Alabama, -Kentucky, Mississippi, Louisiana, Ohio and 
Illinois. When the older States were first settled, even those portions 
naturally sterile, were covered with a thick deposit of vegetable mould, 
and yielded, for a time, abundant crops, tinder a reckless and ex- 
hausting system of cultivation, this vegetable mould, together with a 
large portion of the saline ingredients, has been consumed, the crops 
correspondingly diminished, the land reduced to comparative sterility, 
and the cultivators of the soil driven to seek virgin soil in new and un- 
cultivated regions. From this course, has section after section of the 
older States, which once yielded an abundant return, been abandoned 
by their original possessors and allowed, for a time, to revert back to the 
original wilderness. The reckless and ignorant exhaustion of the accu- 
mulated vegetable and mineral compounds elaborated and stored up by 
the vegetation of unnumbered ages, has been one of the prime causes 
of that mighty tide of emigration from the Eastern to the Western and 
South-western States. Under the same system of culture, these States, 
in turn, will grow old and barren in a century — ^under this reckless sys- 
tem of culture, the original thirteen States grew older and more barren 
in two centuries than Europe, and India, and China after thousands of 
years of cultivation. 

The great questions to be solved by the Agriculturists of Georgia, 

are : How can the exhausted lands be restored to their primitive state of 

ertility ? How can the new lands of Northern, North-western and of 

South-western Georgia be preserved in their original state of fertility ? 
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Are the native resources of the State adequate to the regeneration of 
her exhausted lands, and the permanent preservation of the fertility of 
her new lands ? 

Upon the determination of these questions, will depend the ^ture 
agricultural, commercial and political progress and importance of Geor- 
gia. If they are ignored by the Agriculturists, certain it is that the 
lands will steadily be exhausted, their value will steadily diminish, the 
population will as steadily emigrate to more fertile regions, and our 
State will not attain to that high political and commercial position as- 
signed her in Providence, by her soil, her climate and her productions. 
Questions of such magnitude and importance cannot be settled in a day 
or in a year. 

With a population of more than one million, distributed over fifty- 
eight thousand square miles — with a territory three hundred and twenty- 
two miles in length, from north to south, extending from the mild, 
almost tropical climate of the Atlantic coast, to the cool, bracing climate 
of the Blue Ridge Mountains ; two hundred and twenty-four miles in 
breadth, from east to west, watered by fifty streams, which deserve, and 
hold the names of rivers — with a territory embracing almost every geo- 
logical formation, from the oldest to the most recent, found upon the 
Western continent; the primitive and metamorphic, non-fossiliferous 
strata of Middle and Northern Georgia, with its inexhaustible mineral 
resources ; the older fussiliferous formations of North-western Georgia, 
resembling the celebrated wheat district of New York, with its inex- 
haustible deposits of limestone and other minerals useful in agriculture 
and the arts ; the cretaceous formation of Western Georgia, with its in- 
exhaustible beds of green sand and marl ; the Eocene Lime formation 
of Southern and South-western Georgia, with its inexhaustible supplies 
of Lime and Phosphoric Acid ; the rich alluvial and diluvial plains and 
river bottoms of Southern Georgia — with a territory embracing every 
variety of soil suitable to the growth and culture of every important 
agricultural product, and yielding almost every mineral useful in the 
arts and in agriculture, Georgia requires the vigorous efibrts of many 
men and the earnest co-operation of all her citizens in the attempt to 
develope her agricultural resources. 

The present Report to the Cotton Planters' Convention should, there- 
fore, be considered as the commencement of labors in the right direc- 
tion, which will require years of toil for their completion. 

We have called the attention of the Cotton Planters' Convention, 
first, to the inexhaustible beds of Marl and Limestone of Georgia, be- 
cause it is the almost universal experience of Agriculturists, that Lime 
is the basis of good husbandry ; secondly, to the chemical composition and 
adulterations of Commercial manures, because there appears to be a 
growing disposition with Planters to use them as a source of fertility to 
their lands, several hundred thousand dollars worth of Commercial fer- 
tilizers having been purchased by the planters of Georgia during the 
past year ; and thirdly, to the native sources of organic and inorganic 
compounds necessary to restore the equilibrium and preserve the land in 
a permanent state of fertility, because the use of Lime, without manure, 
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impoverishes the soil, and because we believe that any system of agri- 
culture which relies upon sources other than those furnished by the 
State, must necessarily prove a failure. 

In succeeding reports the following subjects, in addition to those now 
discussed, will receive attention : 

1. The Soils of Georgia — their Chemical and Physical Properties 
and Geographical Distribution. 

2. The Climate of Georgia — its Relations to Soils, Plants and Ani- 
mals, and to the Health and Diseases of its Inhabitants. 

3. The Mineral Resources of Georgia — their Agricultural and Com- 
mercial Relations. 

4. The Chemical Constitution, Physical and Physiological Relations 
of the Principal Agricultural Plants and Productions of Georgia. 

5. The Methods of Preparing the various Minerals useful in Agricul- 
ture, as Gypsum, Sulphuric Acid, Nitric Acid, Hydrochloric Acid, and 
Salt from Sea Water. 

6. The Diseases of Georgia — their Geographical Distribution and 
Relations to Soil and Climate, with the Mortuary Statistics of various 
sections of the State, so arranged that the value of Slave P property, as 
regulated by the diseases and rates of increase, may be determined. 

7. The Geographical Distribution, Specific Characters, and Agricul- 
tural Relations, of the Plants and Animals of Georgia. 

8. The Aboriginal Remains of Georgia. — This is an interesting field 
of research, and as yet but partially explored. 

We hope that the present humble commencement of this work will be 
received with due allowance by the Planters of Georgia; for from the first 
inception of the Agricultural survey, to the present time, the expenses 
and labors of chemical research and field explorations, and the expenses 
of printing, have fallen upon the private resources of the Chemist of the 
Convention. It has been, therefore, out of his power to employ assistants 
to conduct the survey upon the scale which its importance demands. 

In the present report, we present 60 original analyses, which are 
numbered continuously, together with more than one thousand analyses, 
by reliable chemists, of Soils, Marls, Commercial Manures, Vegetable 
and Animal substances related to Agriculture, which are not numbered. 
We make this statement that the original and the quoted analyses may 
be distinguished at a glance. Besides this difference, the authority for 
each analysis, by American and European Chemists, will be found either 
at the foot of the page or at the head of the tables. 

No. 90 Green Street, 

Aujgusta, Ga., 
October, 20, 1860. 
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Geological Position and Extent of the Tertiarj/ Lime For- 
mation of Georgia. 

The Shell Limestone of Georgia belongs to the Eocene, 
the lowest divison of the Tertiary formation. 

This formation is called Eocene, because it is the dawn of 
the existing state of the animated creation, for whilst in the 
more recent formations, the Pliocene and Miocene, which 
in the Southern portions of Virginia, North Carolina, South 
Carolina, Georgia, Alabama and other States rest upon the 
Eocene, many of the fossil species have been identified with 
species now living in the seas and oceans, in the Eocene 
formation on the other hand, but very few of the fossils have 
been identified with living species. 

The fossils characteristic of this formation will be noticed 
in the general Report on the soils and geological formations 
of Georgia, which I hope to present to the Cotton Planters 
Convention at an early day — at present we will merely state 
that it is exceedingly rich in fossil shells, corals, bones and 
teeth of Sharks and other extinct vertebrate and inverte- 
brate animals — 300 species of shells have been discovered at 
a single locality at Claiborne Alabama, and described by 
Mr. Isaac Lea and Mr. Conrad of Philadelphia, and in 
Europe more than twelve hundred distinct species of shells 
have been discovered in this formation. 

The Cretaceous and Eocene formations underlie the great 
Atlantic slope or Ioav region (called the Alluvial Plain by 
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many writers) extending from Long Island to the 
Eastern Shore of the Gulf of Mexico. The Eoceue 
formation crops out, or has been laid bare, at various lo- 
calities as Wilmington, North Carolina, on the Santee 
and Cooper Rivers, Stoudenmire Creek at EutaAV and 
many other localities in South Carolina, at Shell Bluff, 
Stony Bluff, Mill Haven, Jacksonboro, Briar Creek, Para- 
mour's Hill, Millen, on the Ogeechee in Burke Co., Tennille, • 
Washington Co., below Columbus Ga., Eufaula and Clai- 
borne, Ala., and many other localities. These localities are 
mentioned in a regular series from North East to South 
West. This list which might be greatly enlarged will serve 
our present purpose, in illustrating the wide distribution of 
this shell limestone formation. Accompanying the full re- 
port to the Cotton Banters Convention we hope to present a 
Map showing the distribution and relations of this forma- 
tion. 

The wide distribution and inexhaustible stores of the 
Eocene formation in South Carolina, Georgia, Alabama, 
Mississippi and other States renders a knowledge of its 
chemical constitution of the greatest value to the Agricul- 
turist. , 

For the present we have selected Burke and Washington 
Counties for two reasons : 

1st. They represent a large planting interest, 2d. They 
are intersected by Railroads, which can distribute the Marl 
and Shell-limestone to all parts of the State for agricultural 
and building purposes. In succeeding Reports and in the 
General Reports to the Convention we hope to be able to 
present the Chemical Constitution and Agricultural value 
of the Marls and Shell limestone of every county in Georgia, 

which possesses these deposits. 
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CHEMICAL EXAMINATION 



OF THE 



MARLS OF BURKE CO. 



CHAPTER II. 



//. Chemkal Examinalion of the Marls of Burke Co., Georffia. 
Ao. 1 Great Marl. 
This Kpecimcii was obtained upon tlie plantation uf J. V. 
Jones, Ksq., 6 miles East of th« 90 mile station, Central 
Kailroad. 

The Marl is composed of a mixture of Greon silicate of 
Alumina and Iron, Silicious Sand and Shells. 
Section above the bed of Mar!. 

Sandy Soil 2 feet. 

Yellow Clay and sand - - - S *■ 
.roint Clay - . - - 35 " 

Bed of Green Mari - . . Undetermined. 
The bed of Green Marl is found 40 feet beneath the anr- 
face and extends downwards to an unknown depth. 
ANALYSIS NO. 1. — GREEN MABL. 
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The Green color of th s Mari is 1 e to the prese cc ot 
Silicate of Iron. 

This Marl will yield 33j pounds of Phosphoric Acid to 
the ton of 2000 pounds. 

Each ton of this Marl contains 73 pounds of Phosphate 
of Lime (Bone Earth) — If now we assume that the Phos- 
phate of Lime is wortli 22 cts. per pound, then this consti- 
tuent alone would be wonh $1,46 per ton. The Carbonate 
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of Lime is also valuable as iv fertilizer, as are also the Inso- 
luble Silicates which contain small quantities of Soda and 
Potasso — and will during their slow decomposition yield 
them to the soil. At a moderate calculation this Marl is 
worth $2 per ton to the agriculturist. One hundred bushels 
of the green marl contains four times more phosphoric acid, 
and as a necessary consequence, four times more phosphate 
of lime, than one hundred pounds of Phosphatic and Peru- 
vian guano, or of any other commercial fertilizer. 
No. 2 Yellow Marl. 

From well near the Methodist Church, 5 miles east of 90 
mile station Central Kailroad, on the land of J. V. Jones, 
Esq. 

This Marl is composed of yellow clay and shells. The 
bed lies 30 feet beneath the surface in contact above with 
joint clay and rests below upon hard sliell limestone and is 
2 feet thick. 

ANALYSIS 2. — ^YELLOW MARL. 
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This Marl will yield to the Ton of 2000 pounds. 

Carbonate of Lime - - - 860.460 pounds. 
Phosphate of Lime - - - 129.300 " 

Phosphoric Acid - - - - 59.420 " 
This Marl will prove a most valuable fertilizer to all soils 
and especially to sandy soils, on account of the insoluble 
silicates, (clay,) aa well as on account of tlie ingredients men 
tioned above. One hundred bushels of the yellow marl con 
tain eight times more Phosphate of Lime than one hnndred 
pounds of any known Guano or manufactured manure. 
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It would be perfectly safe to apply one hundred pounds of 
these marls to any land in Georgia, and if the lauds be newly 
cleared and rich in organic matters, we might double and 
treble the amount. 

The experience of Senator Hammond, of South CaroHna, 
and others, have rendered it at least probable that the lands 
of South Carolina and Georgia will not bear as heavy appli- 
cations of marl as the lands of England, Virginia and Mary- 
land, and hence I would not, until careful experiments have 
determined the exact amount of marl which is suflScieut for 
our lands in Georgia, recommend the application of these 
green and yellow marls, upon sandy and cultivated lands, in 
larger quantities than two hundred bushels to the acre. 

When I have completed the chemical analyses of the soils 
of Georgia, and have elaborated and finished my investiga- 
tions upon the climate of Georgia, and its relations -to the soil 
and vegetation, I hope to be able to speak with more precision. 

It is, nevertheless, evident, that even with this small 
amount to each acre, the marls of Georgia will furnish far 
more Phosphoric Acid and Phosphate of Lime than a corres- 
ponding application of the most expensive commercial fertili- 
zers. In making this comparison, we have impartially 
compared the yellow and green marls with the very best 
fertilizers in the market. 

No. 3 White Shell Marl or Limestone. 

Well at the Methodist Church — land of J. V. Jones, Esq. 
This specimen was taken from a bed of conglomerated 
fossil shells, lying immediately beneath the Yellow Marl 
No. 2. 

SECTION. 

Sandy Surface Soil ... - 2 feet. 
Yellow Sand and Clay - - - - 3 " 

Joint Clay 25 " 

Bed of Yellow Marl No. 2 - - - 3 " 
White Shell conglomerate - - undetermined. 

This bed of fossil shells lies 33 feet beneath the surface of 
the soil, Joint Clay and Yellow Marl, and extends down- 
wards to an unknown depth, probably for more than 100 feet. 
When pulverised it resembles in appearance slaked lime. 
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One ton of this Shell Limestone will yield 1756.840 
pounds of Carbonate of Lime and when burned 983.040 
pounds of lime. It is therefore valuable for architectural 
as well as agricultural purposes. 

m. 4— A^o/X WA'/te Shell MarU' 

From well near negro quarters on the Plantation of J. V. 
Jones, Esq. j 48 feet beneath the surface of the earth. This 
bed of Marl is much softer than those just described and the 
lumps crumble upon the slightest touch — ^when pulverized 
it presents a perfectly white appearance and resembles shell 
lime. 

No. 5. Bluish BUick Marl.-\ 

This bed of Marl lies in a dense swamp upon the South 
fiide of Bluck-head Creek, 13 miles from the 90 mile station 
Central Railroad and 11 miles fi*om Waynesboro. The 
land is owned by Capt. Matthew McOullers. This speci- 
men was taken from beneath the roots of a large water oak 
which had been overturned by a storm. 

The trees in this swamp are as large and luxurious as any 
I have ever seen in this section of the country. The roots 
of immense trees penetrated this marl in every direction-— 
thus showing that it was favorable to vegetable growth. 
The hills around were sandy and appeared to be much ex- 
hausted by long culture. This Marl or more properly 
calcareous earth conisted chiefly of Blue Clay in which 
small fragments of shells and Carbonate of Lime were 
imbedded, and appeared to have resulted from the wash- 
ings of the surrounding hills which are composed 
of sandy soil, joint clay beneath the sandy soil and shell 
limestone beneath the joint clay ; and from sediment (mud, 
particles of shells, Carbonate of Lime, sand and organic mat- 
ters) deposited from the waters of Buck-head Creek. 

*See Analysis 4 on next page. 
tSee Analysis 5 on page 13. 
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One ton of this Marl or calcareous earth contains 28 pounds 
of organic matter, 195 pounds of Carbonate of Lime, 12 
pounds of Phosphate of Lime and 943 pounds of Insoluble 
Silicates (Clay). This Marl will therefore prove a 
valuable fertilizer upon the surrounding sandy lands. It 
may be applied in much larger quantities than the shell 
limestone It would be safe to apply 1,000 bushels of this 
bluish black marl, which occurs on the plantation of Captain 
Matthew McCullers, in Burke county, to each acre of land, for 
in tliis amount we would have only 9,739 pounds of carbonate 
of lime, intimately mixed with clay. 

In this amount we would obtain 610 pounds of Phosphate 
of Lime, an amount at least twice as great as that contained 
in a most liberal application of the best guano and commercial 
manures. . i^ 

Ilence, with truth and reason we may affirm that this 
bluish black deposit will prove a valuable fertilizing agent to 
the surrounding exhausted sandy lands. Tlie clay alone will 
prove a valuable addition to the sandy lands. 

No, 6". — Black Swamp Deposit nch in Carbonate of Lime- 

Plantation of Capt Matthew McCullers, 300 yards south 
of Buck-head creek and 260 yards south of deposit No. 5. 

This deposit occurs in a dense swamp, and is of recent 
origin, derived from the washing of the surrounding 
hills, the vegetable matters of the dense forest, and from 
the calcareous matters dissolved in the waters of the small 
stream which issues out of the shell-limestone hills half a 
mile distant, and which flows through the swamp near thin 
deposit. In wet weather' the stream overflows its banks 
and covers this deposit. This deposit varies from one to 
three feet in thickness. 

One ton of this dried swamp deposit contains 164 pound:* 
of Organic Matter, 135 pounds of Carbonate of Lime, and 
16 J pounds of Phosphate of Lime. The large proportion 
of Organic Matters also assist in rendering this a valuable 
manure. The value of this swamp deposit, as well as the 
efficacy of the Shell MArl, is increased l)y mixing them 
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together, at the time of their application to the fields. It 
would be safe to apply one thousand bushels of tlic black- 
swamp deposit No. 7, to each acre of land. In this amount 
we would apply as much Phosphate of Lime, as is contained 
in one thousand pounds of the veiy best Phosphatic Guanos, 
and in addition to this we will apply eight thousand two hun- 
dred and twenty-one pounds 'pf organic matters and six thou- 
sand eight hundred and eight pounds of Carbonate of Lime. 

Although these organic matters are not as soluble, or as 
valuable som*ces of ammonia, as^the organic matters of Guanc*, 
or of animal manures, still they are valuable, for they consist 
of animalcules, stems, roots and leaves of trees in various 
stages of decomposition, in addition to various other organic 
compounds, as humic and ulmicjw^ids. It is well known to 
every chemist that lime promotes the disintegration and pre- 
paration for vegetables, of the most stable and insoluble com- 
pounds ; hence the deposits of swamps and peat bogs, which 
are comparatively inert, are readily decomposed and prepared 
for vegetation by the action of lime. The value of this black 
swamp deposit, on this very account, will be increased, by 
mixing it intimately with one-quarter of its weight of pounded 
lime-stone, oi* one-twentieth of its weight of lime — this would 
be easily accomplished on the plantation of Capt. McCullei-s, 
where tiiis deposit occurs^ for the sun^ounding hills are com- 
posed in great measure of shell Limestone. It should be 
borne in mind that a less quantity of this mixture should be 
added to the land. That portion of this swamp deposit, which 
we designate as insoluble silicates and silicious sand, will of 
itself alone, be a useful addition to the neighboring sandy 
lands, for it is composed chiefly of a clay, rich in lime, and 
contains, also, some soda and potassa. 

That the deposits from swamps are useful applications to 
sandy lands, and greatly increase (when applied in suflBcient 
quantities) the yield of both cotton and corn, I have had most 
favorable opportunities of observing in my native county, 
Liberty county, Ga.) upon cotton plantations in the immediate 
vicinitj' of the plantation cultivated by my brother and 
mvself ; and in this connection I would simply remark, that 
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I have collected depositB from the salt marshes of the Atlantic 
coast of Georgia, from tlie brackish swamps, from the deltas- 
of both salt, brackish and fresh water rivers, and from tlio 
fresh water swamps which he above the tertiary formation, 
and have been, and am still, engaged in a careful chemical 
cxaminatioji of these deposits. We hope to be able to pre- 
sent a report upon these deposits, as well as upon the watcre 
from which they are. derived, at an early day, to the Cotton 
Plantere' Convention. In tliis report the agricultural taliie 
of these deposits will be carefully d 
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No. 1. — Reddish Brown Marl. 
his deposit lies on the edge of the dense swamp in 
ch the previous deposit was found, 340 yards south of 
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Buck-Head Creek, 290 yards south of Deposit No. 5, and 
40 yards east of Deposit No. 6. 

This Deposit appears to be recent, resulting from the 
washing of the surrounding joint clay and shell lime hills. 

This Marl presents a yellow and reddish brpwn color, and 
contains numerous nodules of oxide of Iron. When pul- 
verised, it resembles some varieties of American Guano. 

No, 8. — Reddish Brown Marl, * 
Land of Capt. McCullers, near Limestone Spring. This 
bed of Marl was found at the base of a hill composed of 
joint clay and shell Limestone, and extended across the 
bed of a stream which issued out of the Shell Limestone 
formation, one hundred yards beyond. It is composed of a 
mixture of yellow and reddish brown clay and fragments of 
fossil shells. 

No. 9. — White Shell Limestone.^ 

Plantation of Capt. Matthew McCullers, near Limestone / 
Spring. This formation of shell conglomerate is composed 
of fossil shells and star-fish, and appears to form the greater 
portion of the surrounding hills. Many of the star-fish are 
completely filled with crystallized Carbonate of Lime. 
Many of the shells are encrusted with beautiful crystals 
of Carbonate of Lime. This specimen was selected from 
the side of the stream near the Limestone spring. 

This stream, like other streams in this limestone region, 
issues from the base of a hill. The banks of the stream and 
the sides of the hill are clothed with the magnificent virgin 
forest, which forms a dense and delightful shade. The 
water is very cool and as clear as crystal — ^it fails, however, 
to quench thirst, and is injurious on account of the large pro- 
portion of lime which it contains. We shall present, in our re- 
port to the "Cotton Planter's Convention,** analyses of these 
waters, and also point out their relation to disease and their 
value in agriculture. 



*For Analyses of this Marl in natural and dried condition, see Anal 
yses Nos 9 and 10. fFor Analysis see page 21. 
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This bed of White Shell conglomerate will yield when 
burned 955 pounds of Lime to the ton, suitable for building 
as well as for agriculture. 

This specimen, as well as the preceding one, No. 9, was 
selected from the base of the hill where the foi*mation is 
exposed, and at this point streams of water issue, bearing 
down in their course much white sand. From this fact it 
is reasonable to infer that if the lime rock is taken from the 
interior of the hill, it will contain much less sand, and will 
yield proportionally more Lime. 



oh:^i*teii III. 



CHEMICAL EXAimATION 



OF THE 



SHELL LIMESTONE OF WASHINGTON COUNTY, GA. 



CHAPTER m. 



Shell Limestone of Washington County, Georgia. 

The Central Rail Road passes through the Eocene forma- 
tion in Screven, Burke, Jefferson and Washington counties, 
and many fine deposits of Shell Limestone and Marl may be 
seen along the route, especially in Jefferson and Washing- 
ton counties. We shall, at present, present the results of 
our examination of the deposit in Washington county, near 
the Station Tennille, No. 14, Central Rail Road. We have 
selected the deposit in this locality for an early examination 
and report, because it yields Lime of an excellent quality for 
architectural as well as agricultural purposes, and because it 
is inexhaustible, containing lime sufficient to supply every 
planter and architect in Georgia. I am indebted to Samuel 
0. Franklin, Esq., of Tennille, for the opportunity of exam- 
ining the durability and finish of the plaster made from this 
Lime. 

The Station Tennille, near where the Shell Limestone is 
found, is the most elevated point on the Central Rail Road 
between Savannah and Macon, being 465 feet above tide- 
water, 244 feet above the station ten miles above ; 279 feet 
above the Oconee River, 12 miles above; 174 feet above 
Station No. 12, ten miles below ; 285 feet above the Ogeechee 
River, and 168 feet above Macon. 
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28 Tertiary Lime Formation 

SECTION AT TENNILLE. 

Surface soil, vegetable mould, sand and clay, 6 to 18 inches. 
Yellow and Red Clay and Sand, ... 5 feet. 
Joint Clay, ....... 12 

Coarse Sand without Clay, . . . .22 

Solid Shell conglomerate, . . . undetermined; 

At the depth of 51 feet, an abundant supply of water is 

obtained. 
Upon the plantation of Mr. Sneed, one mile and a half 

from Tennille, the Shell Limestone crops out at the surface, 

and the sides of several hills which I examined were covered 

with fragments of oyster shells. These shells, bleached 

by the sun and acted upon by the weather, resembled the 

shells which cover the surface of the islands of our sea-coast. 

The surface shells were easily crushed, whilst those lying 

in the streams, and which had been washed out of the 

sides of the hills, were of flinty hardness. Beneath the bed 

of oyster shells is found a solid conglomerate of shells and 

star fish. In some localities, sharks' teeth, and vertebrae and 

ribs of cetaceous and various extinct vetebrate animals are 

found. 

The streams have formed subterranean passages through 
these hills of Shell Limestone. 

In some places, it is possible to pass entirely through the 
hills in the tunnel formed by these streams. The water 
flowing in these streams is limpid and cool. The beds of 
the streams where they flow over the solid shell rock, are 
paved with fossil star-fish, which being harder and more 
compact than the surrounding shell conglomerate, resist 
the action of the water, and stand out above the lime rock. 
In other places where the loose sand accumulates, sharks' 
teeth and fossil bones are found, having evidently been 
washed down by the water. 

The Shell Limestone can be obtained in inexhaustible 
quantities from the sides of the hills, without any excava- 
tion, and without suffering any inconvenience from an 
accumulation of water. 



Of Georgia. 






\ s'-i 














lOOO bushels con 
UmpcHinda,.. 




mi 




s 




■= 




c 




aOO busbels con 
taiii pounds . . 






400 buBhels oon 
tain pounds, . . 


^^^2 §o %%^^i 


?. 


300 bushels con 
tain pounds,.. 


iiii s2 iis-s 




200 bushels con 
tain pounds,.. 




1 


100 buiibcW con 
tains pounds.. 


ipi ^: sgKs 


s 

1 

1 

i 


1 Twj of 2000 
pounds contain 


1030.080 

807.120 

G.520 

5.960 

6.000 

O.GOO 

23.400 
90.000 
18.660 
6.000 


1 003 pounds con 
biin pounds,.. 


Z%^,^ 2U S§§SS 


100 parts contain 


"OOO ^OO S,_;.rllod 


! 
1 




1 
a 


Si 

III 


i 

j 


s 


J 

% 

& 


I 

I 


1 

.2 

1 

! 

ii 

ii 

•Is 


.1 

a 
1 






ill 

ill 
3 it 



30 Tertiary Lime Formatian 

This Shell Limestone will yield 1030 pounds of excellent 
Lime to the ton. For agricultural purposes it will yield 
1837 pounds of Carbonate of Lime, and 12| pounds of 
Phosphate of Lime. It is highly probable that an extended 
and careful search would result in the discovery of deposits 
much richer in the Phosphates. We would look for an 
accumulation of the Phosphate of Lime in those deposits 
which are rich in the remains of vertebrate animals. We 
will in the next place consider the relative value, eifects and 
mode of application of the Marls and Shell Limestone of 
Georgia. It will be impossible upon the present occasion 
to do more than present general and well established facts 
and conclusions. 

The whole subject will be fully and carefully discussed in 
the large Report, which we expect to present to the "Cotton 
Planters* Convention'* when the Agricultural Survey is 
completed. 



CHAPTER IV. 



• ^ • 



COMPARISON OF THE SHELL-LIMESTONE AND 
MARLS OF GEORGIA WITH THE LIMESTONES 
AND MARLS OF EUROPE, AND WITH THE 
LIMESTONES AND MARLS OF MASSACHU- 
SETTS, RHODE ISLAND, SOUTH CAROLINA, 
ALABAMA, ARKANSAS AND KENTUCKY. 



CHAPTER IV. 



Comparison of the SheU-JLvmesione and Marls of Georgia 
with the Limestones and Marls of Europe^ and 2viih the 
Limestones and Marls of Massachusetts^ Rhode Island^ 
South' Car olinay Alabama, Arkansas and Keniachj. 

The following tables will present comparative views of the 
chemical constitution of the Lijnestones and Marls of Europe, 
and of several States where similar deposits have been care- 
fully examined and analyzed by reliable chemists. 

In the selection of the materials for the tables of the chem- 
ical constituents of the Limestones and Marls of Europe, and 
of the United States, I have impartially chosen the results 
obtained by the most reliable observers, and have carefully 
stated not only the observer's name, but also the titles of the 
works in which the results were originally published. 

In the construction of ^these Tables I have made no omis- 
sions, but have embodied all the results obtained by each ob- 
server. These are not, therefore, selected observations, isola- 
ted, and partial, but entire series of observations, conducted 
by the various chemists named. I believe that in this way 
alone, can fair and impartial comparisons be instituted between 
the chemical constituents of the Lime-formations of Georgia, 
and of other parts of the United States and of Europe. We 
are fully aware that many of the results embodied in these 
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Tables, relate to formations of different Geological age3, from 
those of tlie Eocene of Georgia ; and this is precisely one of 
the results which we wish to accomplish. By tliis comparisoD 
we wish to pi-esent in one general view, the chemical consti- 
tution of the Lime-formations of various Geological ages. 

Every one will admit that this is the only just way 
of testing the relative value of the Shell-limestone and Marls 
of Geoi'gia. 

Tabl£ I. — Chemical Constitution of the Shell-Limestone ot 
Georgia, showing the percentage of the various ingredients. 
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Table 2. — Chemical Constittition of the Marls of Georgip^ 
showing the percentage of the constituents. 
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— Chemical CoQstitution of European Limestones.* 
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Tablk 4. — Chemical Composition of European Marls.* 
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Table 5, — Chemical Composition of the Limeatoncs of 
Massachuaetta, according to Prof. Hitchcock. Geology ot 
Massachusetts, vol. 1, p. 80, 81. 
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Table 5- — Limcstonca of Masaachu setts, continued. 
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Table 6. — Chemical Compoaition of the Marls of Massacbu- 
eetts aecording to Professor Hitchcock. — Geology of * 
Massachusetts, vol. 1, p. 70. 



Table 7, — Limestones of Khodo Island.* 
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Table 8. — Limestones and Marie of Maryland. * 
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*First Report of Philip T. Tyson, Slate Agrioaltural Chemist to the 
House of Delegates of Mttrylaod. 1860, p. 71, 81. 
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Table 9. — Chemical Composition of the LimeBtoaea and 
Marls of South Carolina.* 

100 PIBTB CONTJIIH. 



Limestaac, trom Limeatone SpringB.... 
Crjatalline LiraestonE, SHludii, Laurens 

Limestone, Garlington's Quarry, 

do York 

do do Harden'sBfd, 

ilo do 

do BrasstoKD Creek, Pickeaa Dist... 

Marl from Tilly's Lake, WaccamttW 

do do. Black River, Siimpter, 

da do do do do 

do do G miles S.E, of Darlington C. H... 
do do do do do do da., 

do do do do do do do., 

do do Dr.Holmes'MariPit,CooperRiTerai 

do do Pooshee r 

do do Beoa' Ferry, on the AaiilojBiver,. 

do do Combahee River 

do do TboDiiu Pttdsli.aear tbeOoaat... 

do do Wttdmalav?, 

Marij Limei lone from Wilmington, N. 

Argillaceous Oliiilk Mari, Mr. Dliona' Plan'n u; 

Greyish White Chalk Mori, Drayton Hall, .. 

do do do do GooEeOreek,b. C.R. 6 

do do do do Elwood, Cooper R.. 

do do do do do do do 

Yellowiah Grey Chalk Marl, (Green Marl) 

Ashley River, M miles of Charleatou, 

Yellowish Grey Chalk Mftrl, Chnrch Creek., 
do do do PenPenontheAahepoo, 5 
do do do do do 



*As determined by Protessoi Shepard, Dr. Smitli, and Prof. M- Toniney. 
Geology if South CarsUta, bg St. Toiunty. 
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Table 10. — ^Per centage of Carbonate of Lime in the Shell, 
Limestone and Marls of South Carolina.* 



NAMES AND LOCAILTIBS. 




CRETACEOUS MARL. 

Peedee River 

Birch Ferry, Peedee River Bottom, 
do do do do 3 feet from 

Bottom, 

do do do do 10 feet from 

Bottom, 

do do do do 12 feet from 

Bottom, 

Mouth of Jeffrey's Creek, Surface, 
do do Willow Creek, do . . . 
do do do do Marlstone,.. 

Binghams, on Stage road, 

Leggetts upper part, 

Oifes Bluff, 

do do next to low water, 

do do Marlstone, 

Meyers Land, 

do do 

Gibson's Bluff, 

do do 

Brown's Upper Ferry, 

Stony run, Georgetown, 

MARLS ON LYNCH CREEK. 

Sparrow Swamp, at top, 

do do 3 feet cieep, 

do do 6 do do 

do do Marlstone, 

Henry Hams, Sparrow Swamp, 5 ft 

Lynch Creek, top, 

do do 6 feet deep, 

do do 3 feet deep, 

EOCENE AND MORE RECENT 
MARLS. 

MARL ANn MARLSTONB OF SAVANNAH 
RIVER ANn TRIBUTARIES. 

Shell Bluff, white compact marl, . . 

do do darker, 

do do Harder, 

do do Stony Marl, 

do do Concrete Shells, 

do do 

do do Cream Colored Marl, . . 
Lower Three Runs, 

do do do '. 

do do do 

do do do 

do do do 

Gillett's Mills, 

do do 

Sav. River, above Three Runs, 
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33 
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66 
24 
45 
77 
32 
57 
42 
14 
86 
84 
76 
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10 
72 
55 

18% 
21 

25K 
66 

25 

15 

27K 
27K 



89 

52>^ 

86 

94 

82 

60 

86 

74 

62 

64 

62 

22 

64 

46 

92 



NAMES AND LOCALITIES. 



Sav. River, above Three Runs, . 

Lower Three Runs, 

do do do 



ASHLET RIVER AND TRIBUTARIES. 



Brisbane's Landing, . . 

do do 

do do 

O'Neal's Landing, 

Drayton Hall, 

Bee's Ferry, 

{Magnolia, 

iGreer's Landing, 

iPringles, 

Catteil's Bluff, 

do do 

Cohen's Land, 

J. A. Ramsay's Land, 

Cedar Grove, 

Oak Forest, 

Wassamasaw Swamp,, 

Indian Fields, 

do do 



ARTESIAN WELL, CHARLESTON. 

120 feet below the surface, , 

135 do do do do , 

160 do do do 

162 do do do 

180 do do do 

200 do do do 

225 do do do 

227 do do do 

230 do do do 

258 do do do 

270 do do do 

274 do do do 

282 do do do 

309 do do do 



do.. ... 
do.... 
do.... 
do.... 
do.... 
do.... 
do.... 
do.... 
do.... 
do.... 
do.... 
do.... 



COOPER RIVER. 

Grove, Dr. Ravenel's, 

Mulberry, i>r. Millekin's* 

do do 

do do 

LewisQeld Simon's^. 

Point Comfort, R. W. Ropers, . . . . 

Steep Bluff, 

Rectory, 

Monk's Corner Road, 

Near Santee Canal, 

Isaac Porchers, 

do do 

Near Santee Canal, 
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•4 O 



90 
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32 

64 
74 
6 
76 
63 
50 
75 
52 
75 
52 
78 
62 
67 
76 
36 
72 
47 
50 

65 
56 
69 
44 
69 

54K 

60X 

58K 

56 

68 

66 

79 

79 

74 

52 
60 
76 
42 
84 
79 
80 
80 
80 
95 
81 
61 
90 



*NoTB. — Determined by Mr. Ruffin, of Virginia. Report of the Agricultural 
Survey of South Carolina, by Edmund Ruffia. See also Geology of South 
Carolina, by M. Tuomey. 
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Table 10 — Continued. 



NAMES AND LOCALITIES. 




SANTEE RIVER. 

Balls Dam, 

Old Jamestown Landing, 

Lenuds Ferry, 

do do 

Williamsburgh, 

Eutaw, 

do 

Rocks Creek, 

Nelsons Ferry, 

Vance's Ferry, 

do do 

Hale's MiU, 

do do 

Stout's Creek, 

Edisto River, 

Binnaker's Bridge, 

Johnson's Bridge, 

do do 

Walker's Bridge, .• . 

do do 

Cawcaw Swamp, 

do do 

LITTLE SALKEHATCHIE. 

Dowling's Mill, 

Cedar Spring, 

Ashepoo RiP^rer, 



NAUES AND LOCALITIES. 



lluspa Creek, 

do do 

PLIOCENE MARLS. 
Giles Bluff, Peedee, 

do do do do 

do do do do 

do do do do 

Godfrey's Ferry, 

do do* 

Gibson's Landinf, 

do do 

Witherspoon Bluff, 

do do 

Goose Creek, near Cooper River,. 

do do do do do... 
Swift Creek, near Darlington C. H 

do do do do do 

do do do do do 

do do do do do 

POSTPLIOCENE, OR COAST 

MARL. 

Doctor's Swamp, Johnson Island,, 

Stone Creek, Edisto Isld, , 

do do do do 

Edisto Island, 

Distant Island, , 
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74 
82 
80 
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Chemical Analysis of Shell-Marl, Green county, Arkansas, 

according to Dr. David Dale Owen. * 

The insoluble Sicates consist- 
ed of — 
Silica,^ - - - 72.8 
Alumina, tinged with 
Iron, - . - 6.8 
Lime, - - - 0.8 
Magnesia, - - 0.3 
Potash, . - - - 0.9 
Soda, - - - 3.2 
Manganese, - - trace 



Water, 


- 1.3 


Insoluble Silicates, 


- 8.49 


Carbonic Acid, 


- 2.7 


Peroxide of Iron, 


- 3.6 


Alumina, 


- 2.0 


Lime, - - - 


- 2.9 


Magnesia, 


- 1.2 


Phosphoric Acid, 


- 0.45 


Potash, 


- 0.05 


Loss, 


- 0.45 




100. iO 



84.8 



* First Report of a Geological Reconnoissance of the Northern coun- 
ties of Arkansas, 1857-58, by David Dale Owen. Little Rock, 1858, 
p. 27. 
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Chemical Analysis of Shell Marl, Hickman county, Ken- 
tucky. * 



Water, ~- ~- TSF 

Organic Matter, soluble in 
Water, - - 0.80 
Insoluble Silicates, - 73.30 
Carbonic Acid, - 10.00 
Lime, - - 6.80 

Magnesia, - - 3.78 
Alumina and Peroxide of 
Iron, - - 2.80 

Chlorine, ^ - - 0.12 
Loss, Alkalies and Phospho- 
ric Acid not determin- 
ed, - - - 1.55 



100.00 



The insoluble {Silicates con- 

sisted of — 
Silica,^ - - - 60.6 
Alumina, - - 7.4 

Lime, - - - 1.1 
Loss, Alkalies and a trace of 
Oxide of Iron, not estima- 
ted, - - - 3.8 



73.3 



* By Dr. David Dale Owen. Loo. Cit. p. 27. 



Tertiary lAme Formation. 

Table 11. — Chemical Conatitution of the Limestones and 
Maris of Alabama, according to Profs. Tourney and Mallet.* 



LOCALITY AND NAMES. 



HrrxjnjRpnnTAinrsr 



Uarbl?. TftllHdegt County.. 
Grey Compact Mirble, TallM- 

deKH Couot;. 

Greyish LiiiiestonB, Big Si 



fBllBdeg* Cuunly, 



White CrystBline LimeHtoae, 

Tulludcija County, 

"" ' " "s, Maooo Co., . . 



I Crystalline Lttuestone 



Cryai 
Wbit 



D Count; 



Oompucl Greyish Limestoi 
Mucon County, 

Grsyish Limestone, do do 

Blu-Grey Limeatoue, do . 

Bra H Dish White LimeEtone, 
Jaoe'aTflUflT, 

Tellowiah Gref, CryatBllini 
Limestone, Chookoiooho,. 






Bluish OpeyGrni 

stone, Tennessee i-i. =.,... 

Cream Colored LiuicBtone, 
FFBulilin Co., neur Athena, 

LimoatoDB with Encrinites, 
Mapio Croek 

Stone containiuji Bones of 
Fossil Pish, Cow puna 

Creek 

CRETACEOUS LIME- 
STONES. 

Shell Conglom'rate, Macon BO 

Fossilifernua Limestone, 
Uacoa County 

PoisiliferouB Limestone. 
HaCDU County 

Dark Grey LimeatoDe, Ma- 
con County, 

Rotten or Prairie Limestone. 



Botten Limestone, Oreenl 

CouDtT, |80.t8 

■SHBDd BlHulBl Bcjxwt Da tin OeDlDcy < 



a. bj M, Tmiliuf, ^ If . 3 



2.649 
2.611 



£iin«i bf Fnii: Manu. 
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Table 11. — Chemical ConBtitudon of the Limestones and 
Marls of Alabama, continued. 



LOCALITIES AND NAMES 
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1 
1 
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1 




1 




g 


1 

a 


TERTIARY LIMESTONE 
AND MARLS. 


98.M 

83.1 S 
0.?1 

Lis 

1.04 
0.71 
0.92 

21.42 
3S.8T 
ia.47 


0.96 
1.09 

a.05 

1.70 
0.87 

'■" 

0.37 

0.10 
0.31 
. 


0.81 
1.O0B 


LSI 

o.a7 
\M 

20.13 
19.24 
21. OB 


O.SI 
o-se 

6 70 
11.43 
B.5fl 
5.48 
4.71 

s.Tfl 
1^4 

015 
0.Q4 
1.08 


rce 


57.28 
57.5fi 
58.61 

53.74 

50,98 
0.21 

0.-54 


trace 

4.81 
4-96 

4.48 
S.2B 
1.67S 
10.07 


1.S7 
4.15 

2G.S6 
75.08 

73.14 
7g.0G 




or Marl, Clnrke Conotf, . 
Shell CoDglomorate, CUrte 


9.161 


Blnff.AlibamaRirer,.... 
AUbftm> Qreen Sand, C«iil 

BluS-. Alabima BiTer..... 
AUbamB Green Sand, Ccml 

Bluff, AInbama Hirer,.... 
Alabama Green Sand, Coal 

Bluff, Alabama River 

AiabaiDS Green Sand, Coal 

Bluff, Alabama Riter 

Alabama Green 6and Marl, 


a.29T 

S.348 


New Jeraej Green Sand. , . , 

Fossil Sbelts, Railroad 
Cat, near Ool n m b u 1, 

Ga. 

Blniah Qreen Marl, Troy 



3 


04 

SI 




Harl, BlDiah Oreen, Cbatta- 




Marl. Bloiah GrsHn, Below 




YelloifiEh Broon Marl, Cam 


trace 1 0.067 
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Table 12. — Composition of Green Sand from the United 
States and of the Green Earth of Europe. 
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48.16:57.83 
10,83 8.70 
la 00 30.93 
0.50 4.81 
9,01 1 35 
a.67 0.91 
235 8.17 


17.38 
e.4Q 

10.34 
4.S3 
a.05 
1.18 
8.17 






13.3-aB 

1.,,. 


0.30 
24.31 

1-a.oi 

trace 
8.40 


S.5 
19.6 
53 
3.8 

8.9 
11-S 


G 
30 
4 

8 


;s! 

68 
70 
04 
17 




















Waler, 

Quartz, 


7.000 


8,17 



The Green earth of Europe appears to have resulted from 
the deeorapoBition of Trap, as it is found occupying cavi- 
ties in trap rocks ; and it is highly probable that the Green 
Sands of America have resulted from the decomposition of 
tlie Trap dykea found along the Atlantic slope, from New 
Jersey to Alabama. This being the origin of the Green 
Sand and Green Earth, we have every reason to believe 
that it will be found in Georgia. If it should be found in 
large quantities it will prove an invaluable fertilizer to the 
Planters of Georgia, on account of the large proportion of 
Potash which it contains. We shall show hereafter that 
Potash enters largely into the composition of Cotton, Com 
and in fact, of all plants and animals. 

The careful comparison of the results, of the chemical 
examination of 394 specimens of Limestones and Marls, 
from various parts of Europe and America recorded in the 
preceeding tables establishes the following conclusions. 

1. The Shell Limestone of Georgia, is richer in Lime and 
contains less impurities than the majority of the Limestones 
and Marls of Europe and of the United States and is fully 
equal to the best Limestones aud Marls found in Europe 
and America. 
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2. The Shell Limestone of Georgia is capable of furnish- 
ing lime for architectural purposes, equal in purity and in 
quality to any in Europe or in America. 

3. The Shell Limestone of Georgia is more suitable for 
agricultural purposes than the Limestones of the older for- 
mations in Europe and in America, in two most inoiportant 
respects. 

(a) It contains less Magnesia. 

(b) It contains a much larger proportion of the phosphates. 

In the Limestones of the older formations, Phosphoric 
Acid, and its compounds are either absent or exist in such 
minute portions, that when employed in agriculture the 
effects produced by the phosphates must be unimportant. 
In the Shell Limestone of Georgia on the other hand, the 
Phosphates exist in from J to 2 per cent, and will exert de- 
cided beneficial effects upon vegetation. If we calculate 
the quantity of Phosphate of Lime, contained in the number 
of bushels of Shell Limestone which should be applied to 
each acre of land, we will find that it will amount to several 
hundred pounds ; and in fact to a greater quanty than that 
which we are accustomed to add to each acre of land, in the 
form of most expensive, "super Phosphates'' and Phospha- 
tic Guanos, whose value depend almost entirely upon the 
Phosphates which they contain. 

The establishment of this result is of the highest value to 
the State of Georgia; for we have thus demonstrated, that 
Georgia possesses inexhaustible stores of the Phosphates 
which are considered by agriculturists to be amongst the 
most valuable fertilizers. 

4. The Marls of Georgia are as rich in Carbonate of Lime 
as the Marls of Europe, and of other portions of the United 
States. 

5. The Marls of Georgia are richer in Phosphoric Acid 
and its compounds, than the majority of the Marls of Europe 
and of other parts of the United States, and are fully equal 
to the richest Marls of Maryland, South Carolina and 
Alabama. 
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One of the beds of Georgia Marl yielded near seven per 
cent, of Phosphate of Lime, and would give to the 300 
bushels more than one thousand pounds of Phosphate of 
Lime. Several of the analyses of the Marls of Maryland 
and South Carolina, show a higher per cent, of Phosphate 
of Lime, than those of Georgia ; but I find upon reference 
to the accompanying description, that the specimens were 
selected from deposits rich in bones, and excrements offish, 
and fragments of Corals. I have in my possession bones 
and Coprolites from the Shell-Limestone and Marl-beds of 
Georgia which would yield a higher percentage of Phos- 
phates, even than those of Maryland and South Carolina; 
but they have been excluded from my present tables, that 
the analyses now presented, might faithfully present the 
average composition of the Eocene Lime fomation of Geor- 
gia. 

Li the Marls, then, as well as in the Shell Limestone, 
Georgia possesses, inexhaustible stores of Phosphate of 
Lime. 

We may, then with truth affirm that in this important 
element of fertility Georgia is independent of the world, 

6. The Marls from different localities vary in Chemical 
constitution within wide limits, some deposits are rich in 
Carbonate of Lime, others in Phosphate of Lime, and others 
again in Organic matters. 

This diversity is highly important in an agricultural and 
commercial point of view. 

It is a fact well established, that the application of Marls 
to the soil, should be guided by the constitution of the 
Marl and of the soil. This diversity in the Chemical con- 
stitution of the Marls and Shell Limestcfne of Georgia 
allowes of latitude in the choice of fertilizing agents for the 
different varieties of land. 

This diversity in Chemical constitution of the Marls and 
Shell-Limestone of different localities, demonstrates the im- 
portance of careful Chemical Analyses of all the varieties 
of Marl and shell limestone in Georgia. 
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The great importance and value to the State, of a careful 
and extended chemical examination of the Marls and Shell 
Limestone of Georgia will be still farther illustrated by the 
valuable results obtained in Europe by similar exami- 
nations. 

In the lower Chalk beds of Sussex and some of the 
Southern counties of England, extensive layers of a yellow- 
ish brown earth have been discovered to be exceedingly rich 
in Phosphoric Acid. 

According to the careful Analysis of Th. J. Herapath,* it 

possessed in the 100 parts the following constituents: 

Carbonate of Lime 28.400 

Carbonate of Magnesia - - - traces. 

Sulphate of Lime 0.736 

Tribasic Phosphate of Lime, ) Phosphoric Acid - 10.098 
21.880. / Lime - - 11.790 

Phosphate of Magnesia tracet 

Phosphate of Sesquioxide of Lron, \ Phosphoric Acid 11,728 
24.760. / Iron - 13.032' 

Phosphate of Manganese - - - - traces. 

Phosphate of Alumina, 1 Phosphoric Acid - 4.789 
6.998. /Alumina - - 2.209 

Fluoride of Calcixjm - - - - traces. 

Organic Matters ----- traces. 

Silica, with some silicate of Alumina and Silicate 

of Iron. ----- 13.240 

Chloride of Sodium - - - - traces. 

Sulphate of Soda, .... traces. 

Water . . . 3.400 

Loss . . . . . 0.586 

In every hundred parts of this earth there are found 
26,615 parts of Phosphoric Acid. 

The Coprolites from various parts of England, have also 
been proved by Chemical Analysis to be rich in Phosphoric 
Acid, and, when obtained in sufficient quantities, have 
proved most valuable fertilizers. 

*Chem. Gaz. 1849.70 Liebig and Kopps Annual Report on Chemistry, Vol. 
3. 1849. p. SQi. 
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The following Analysis of Coprolites by Herapath will 
illustrate their geneial constitution. 

TABLE 13. — 100 PARTS CONTAINED. 



Carbonate of Lime 

Phosphate of Lime. ... 

Phasphate of Magnesia 

Phosphate of Alumina 

Phosphate of Sesquioxide of Iron 

Carbonate of Magnesia 

Sulphate of Lime 

Fluoride of Calcium 

Silicic Acid. 

Water and Organic Matters. . . . 
Alumina 




12.280 

7.09 

traces 

6.90 

160 

traces. 

traces. 

0.608 

6.792 

0.400 



39.60 



16.8660.80 



4.71 
9.20 
0.60 

• . • • 

1.700 

10.600 



23.70 



4.10 



1.8 



1.6 



11.600 6.10 



6.200^ 



In England various Marls, petrifactions and bodies re- 
sembling Coprolites, and Phosphoric Acid concretions have 
been discovered in the chalk formation to be rich in Phos- 
phoric acid, and are extensively employed as manure. 

The results of the careful examinations of these strata by 
J. M. Paine and J. T. Way, demonstrate that the Phos- 
phates are differently distributed through the Strata com- 
posing the same formation, and that the proportion of 
Phosphoric Acid and of the combinations of Phosphoric 
Acid do not correspond in any definite manner Avith the 
proportions of Carbonate of Lime. 

Thus, careful experiments upon these strata in the Chalk 
formation, show that the soft white chalk with flint, form- 
ing the upper division of the formation contains 96.06 per 
cent, of carbonate of Lime, and only 0.26 per cent of phos- 
phate of Lime ; the second division, the hard white Chalk 
without flint, contains no Phosphoric Acid ; the third divi- 
sion the Chalky Marl, contains 66.69 per cent, of Carbonate 



Of Georgia. 51 

of Lime, and 1.82 per cent of Phosphoric Acid, being much 
poorer in Carbonate of Lime, and much richer in Phos- 
phoric Acid, than the ftpper division ; while the upper 
Green Sand is far richer than the other divisions in Phos- 
phoric Acid, yielding in some parts especially in its upper 
thin layer of Marl (in depth from a few inches to 10 to 15 
feet) which contains numberless fossils, as much as 33 per 
cent, of Phosphoric Acid. 

The soil surrounding those formations rich in Phosphoric 
Acid, does not contain an unusual amount of Phosphoric 
Acid except when the fossils, and the formations have been 
mixed with the soil, or when the soil has resulted from the 
disintegration of the former. 

The following results of the experiments of J. M. Paine 
and J. T. Way* will illustrate these important facts : 



♦Liebig and Eopps Report on Chemistry &c Vol. 3 p. 584-585, 



Tertiari/ Lime Formation 



as 



i 



Water Oreanic mat 
nndll viJ! uSuoriuAcid 




;^- 


^i«« .^ri-« Ba- 


Sulphuric Add 




Soluble Silidc Add. 


s 


^ 




SS2" 


2S 


Inaoiuble Silica.... 


s 
=■ 


? 


ss 


drit^cs 




M. 
























£ 










S 


£ 




ssss 


SSSS 








IS 






Ssis 






c>d 


CLTbOBioAdd 


s 
s 


S 


E3 






Lime 




« 


I-- 


1511 


SS5 






Ph-wphoricAcid.... 


N 


£ 


J^* 




==gg 



Itl! 



lip;" 



fill's 



i«iiiii:-i?g 



III 



a| .gj 



!iFi1=^il 



isJIS 



llllll|ll|llle|lll 



( 

Of Georgia. 53 

We have every reason to believe that an extended and 
careful examination of the Calcareous deposits of Georgia, 
will lead to similar results. 

Whilst the Marls and Shell Limestone thus far discovered 
during this agricultural survey of the State of Georgia, are 
amply sufficient for all the agricultural wants of Georgia, 
and if properly developed and used will not only reclaim 
her worn-out lands, but preserve them in their primitive 
fertility for untold generations, still the discovery of beds 
rich in the Phosphates would be of great value to the State, 
for at the same rates of transportaion, a much more valuable 
article would be obtained, and an active commerce in these 
native fertilizers might be established. 
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CHAPTER V. 



Comparisoii of the Shell Limestone and Marls of Georgia^ 

with various Gorrimercial Manures, 

It is of the greatest importance, that the relative value of 
the native resources of Georgia should be carefully determin- 
ed by an impartial comparison with the most reliable Fertili- 
zers offered in the American market ; for the value of the na- 
tive products should control the price of the manufactured 
and imported manures. Whilst we would not intentionally 
injure any honest manufacturer or vender of Fertilizers, we 
would on the other hand, do all in our power to develope the 
resources of our native State, and use eveiy fair means to 
protect the Planters of Georgia in the purchase of Fertilizers, 
and prevent the ruinous drain of money which flows out of 
the State, without any other return^' than worthless compounds, 
foisted into public notice by false and brazen advertisements. 

We will commence the comparison with those Fertilizers, 
which I have examined since my appointment as Chemist to 
the Cotton Planter's Convention, of Georgia. 

1.— Rhodes Super-Phosphate of Lime. — This article is 
manufactured in Baltimore, Md. It is but just thai I should 
state to the Convention that both the manufacturers and ven- 
ders of this Fertilizer, have thrown open everything to my 
examination, and have manifested a determination to conduct 
all their operations in an open and strictly honest manner. 



58 



Tertiary Lime Formation 



Samples of Rhodes Super-Phosphate, selected by myself on 
the 14th of April, from the entire stock of Messrs. J. A. 
Ansley & Co., Commission Mercliants, Augusta, Ga., yielded 
the following average results. 
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Samples from the stock of Mesars. Patten & Miller, Com- 
miesion Mercliants, Savannah, Gi-a,, selected by my brother 
Charles Colcock Jones, Jr., Esq., of Savannah, yielded the fol- 
lowing results : 
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le individual conBtituenta were delermined in ecTcral 
ilea of Rhodes' Superpliospliate. from Augusta and 
,nnah, with the following results : 
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3. Ameeicas Gdaho. — Samples of American Guano, from 
Jarvis & Baker'6 Islands, offered for sale in Augusta, yielded 
upon chemical analysis, the following results. 

The Guano presenteda reddish-brown color and consisted of a 
loose pulverized portion, and large lumps, varying in size and 
weight from a few grains to several pounds. 

The lumps were hard, being with difficulty broken. In the 
state in which I examined this Guano, it was unfit for agri- 
cultural purposes. These hard lumps, although rich in Phos- 
phate of Lime, would exert but little effect upon plants, on 
account of their insolubility. The lumps of American Guano 
should always be crushed before it is offered for sale. 

ASALYsis 2.5. — AMERICAN GUAxo, (loose pnlverjzed portion.) 
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UTALTsis 27. — AMERICAN QttAMO^Mixture of the Loose and 
Lamp, representing the average composition of the 
FertiUzer.) 
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The following table will present the composition of various 
Commercial Manures, as determined by reliable Chemists. 
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A careful comparison of the Chemical constitution of these 
commercial manures, demonstrates that each constituent 
varies in amount, within wide limits, thus, in Phosphatic 
Guanos, the most valuable ingredient, the Phosphate of 
Lime, varies from 330 pounds to 1759 pounds in the Ton 
of 2000 pounds ; in some varieties of the Phosphatic 
Guanos, presenting very nearly the same general appearance 
with the best varieties, Phosphoric Acid is combined with 
Iron and Alumina, and not with lime : in the Ammonia — 
Phosphatic guanos, the Ammonia and Organic matters 
capable of generating Ammonia and the Phosphate of 
Lime, vary within wide limits, not only in guanos from 
different localities, but even in Guanos said to be from the 
same locality ; and in the Peruvian Guano, not only do the 
individual constituents, the Phosphates, the Alkaline Salts, 
the organic matters and the Ammonia, vary within wide 
limits, but what is of considerable importance in the action 
of the guano upon the soil and plants, the stateof combina- 
tion of the various constituents, especially of the organic 
matters, vary within wide limits. 

The foUowiug questions, highly important to the planter 
demand an answer. 

Do the venders of these fertilizers inform the Planters of 

these variations ? 

Do the venders of fertilizers fix their prices in accordance 
with these variations, and with the actual value of the fer- 
tilizing principles ? 

The actual value of these fertilizers may be ascertained 
by determining the agricultural value of the individual con- 
stituents. 

The actual or agricultural value to the planter is deter- 
mined by the increased yield which these manures are 
capable of producing. 

The experiments upon the increased yield which these 
fertilizers are capable of producing in Georgia, are not yet 
completed, for the present purpose therefore we will avail 
ourselves of the labors of English and American Chemists 
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in countries where definite experiments have determined the 
actual value of the individual constituents. According to 
Professor Johnson, the principle coYistituents of fertilizers 
possess the foUowiDg values. 

Soluble Phosphoric Acid . . 14 cents per pound. 
Insoluble " " " 4J " " " 

Insol. Phosphate of Lime (Bone Earth) 2. " " " 
Ammonia . . . . 14. " " " 

K now we apply these numbers, which I am convinced 
are too high rather than too low for the great body of our 
Georgia lands, we will find that the actual values of com- 
mercial fertilizers differ in many cases widely from the 
values at which they are offered in the Georgia market ; 
we will find that the commercial value is often above and 
never below the actual value ; and we will find that inferior 
articles frequently command as high prices as the very best. 
An examination of the manufactured compounds, leads to 
similar conclusions. 

"With reference to manipulated compounds it would seem 
that every panter who reflected for one moment, would see 
that if the planter is compelled to purchase commercial fer- 
tilizers he had better make his own manipulations and com- 
pounds for these sufficient reasons. 

There must be some profit upon each compound intro- 
duced into the mixture. If there be not some profit over 
and above the actual cost of the guanos and other ingre- 
dients entering into the manipulated manure, how do the 
manufacturers of these compounds manage to make such 
profits? If there be no profits made upon each ingredient, 
why are our papers loaded with brazen advertisements, each 
claiming to be "the best compound in the world ? " If 
the original guanos and other materials used in these 
manipulated compounds are sold at too high a price by the 
importers, and if a handsome profit is made on each ingre- 
dient, is it not evident that the planter would do better to 
make his own compounds ? and is it not evident that the 
planter would do better still to use the resoifrces for the 
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regeneration of his land, which Providence has placed upon 
his own soil, and abandon these imported articles which are 
liable to great variations, until at least some arrangement 
is made by the State to compell the venders of these com- 
pounds to submit them to the constant examination of 
competent chemists ? 

Well established facts, prove that not only manipulated 
manures, but also Guanos are in some instances greatly 
adulterated. To substantiate these propositions we have 
selected the following facts which rest upon the testimony 
of responsible and competent men. Professor Philip T. 
Tyson, State Agricultural Chemist of Maryland, in his 
recent able report to the House of Delegates of Maryland, 
thus notices the adulterations of Guanos and manufactured 
fertilizers. 

" It appears that the adulteration of Guanos, especially 
the Peruvian is very extensively practiced in Great Britain, 
and I regret to be obliged to believe that frauds of this 
kind, are also perpetrated in our own country. 

In order to protect our farmers against such impositions, 
the system of .inspection of guano was instituted in our 
State, and it has doubtless been a means of protection to a 
considerable extent. 

But yet, it appears from the testimony of many farmers 
that they have had palmed upon them sometimes inferior 
or adulterated Guano, with the inspectors mark upon the 
bags. Gentlemen have informed me, that boatmen who 
have brought them Peruvian Guano, have offered to fur- 
nish them with good new bags, for the Guano bags con- 
taining the inspectors mark ! Suspecting however that they 
were wanted for dishonest uses, they refused to part with 
them. 

There is a peculiar earth on the southern slope of Ham 
stead Hill near the eastern limit of Baltimore, of which I 
have been informed large quantities have been, and may 
still continue to be secretly carted into the city. There 
being no conceiveable honest use, for which this material 
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can be brought into the city, and it being very similar in 
color to Peruvian Guano, it was reported to be used to 
adulterate that article, the mixture being put up and sold 
in old guano bags containing the inspectors mark ! Some 
months since the inspector called the attention of the police 
to the aifair, who arrested parties carting away this earth 
in Guano bags during the night. The arrest was evidently 
made at an injudicious time, because upon examination the 
bags were found to contain only earth. If however, the 
parties had been watched until they had taken it to their 
mixing depot, and completed the crime, they might possibly 
have been properly punished. 

During the late season of activ^e field work, I endeavored 
to collect for examination samples of Guano, ground bones 
and artificial fertilizers, which had been purchased and re- 
ceived by my farming friends. Finding but few kinds in 
their possession, I requested that samples might be for- 
warded me whenever they shall again purchase. Atnong 
others I got in person a sample of guano from Col. John S. 
Sellman, of Anne Arundel county, which being sold for 
Mexican A. A. should have contained Phosphsric Acid 
equal to 65 per cent, or more, of Phosphate of Lime, and 
yet the analysis showed but 36 per cent. In this case the 
Colonel paid for 50 per cent, or more. Phosphate of Lime than 
was implied in the purchase, and if the deficiency had not 
been discovered, he would have suefltred a still greatei loss, 
by not applying a proper dose of the phosphate to his soil. 
How much of this Guano was sold and used by farmers, 
I have no means of knowing. " * ^' * * Professor John- 
son determined the value of several fertilizers. 

1st. Mapis Super-phosphate from Newark, N. J. In 
1852 its calculated value was $44. In 1857 it had degen- 
erated to $15, owing to the introduction of worthless matter 
and the total absence of soluble Phosphoric Acid. 

2d. Another article called Mapes Nitrogenized possessed 
a value by calculation in 1856, of $21 ; and in 1857 one 
sample proved to be worth $14.50, and a second $12.50, so 
that it seems to be going down pretty fast. 
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3d. The name of De BuRG*s Super Phosphate of Wil- 
liamsburg, Long Island, so familiar to farmers from adver- 
tisements proved to be worth, in 1852, $32 ; in 1856, $36.25, 
and in 1857 it had fallen to $21.50. 

4th. CoE*s Superphosphate, from Middletown, Conn., 
has proven more uniform in composition as shown by seven 
analyses between 1854 and 1857, its value being as follows : 
$33.75; $33. $41. $33. $35. and $33.25. 

5th. Professor Johnson calculated the value of Rhodes 
Super-phosphate of Lime, (a Baltimore article,) from three 
analyses to be 32.25, and his results, he remarks, do not 
seriously differ from those of Dr. Higgins and Bickell. 

JouRDANS SuPER-PHOSPHATE. — Siucc this chapter was plac- 
ed in the hands of the printer, Dr. Piggot has reported to 
me the results of analysis of two samples of an article under 
the above name. They were furnished by Maj. Edward 
Wilkens, of Kent, county. 

The first was purchased in 1858, and was used with good 

effect by many farmers in that county. The second was 

purchased in 1859. Their composition is as follows : 

1858. 1859. 

Gypsum or Plaster of Paris . . 25.30 39.31 

Soluble Phosphate of Lime . . . 2.53 2.95 

Free Phosphoric Acid . . .6.86 4.45 
Lime otherwise combined . . . 2.07 

Phosphoric Acid com'd with lime and magnesia 2.23 

Sand . . ... 11.04 14.30 

Animal Charcoal and organic matter, \ oo on 1 9 ^9 

(Containing some ammonia,) . J " 

Magnesia, Iron, water &c., not determined 4.66 15.95 

The useful matters may be summed up as follows, and I 

have also calculated their money value in the manner 

adopted by Professor Johnson. 

THAT OF 1858. 

Per ct. Price. Am't. 

Gypsum . . . 25.30 ^ct. $0.08J 

Phosphoric Acid Lisoluble . 11.65 4Jct. 0.52| 

" " Soluble . 8.40 12Jct 1.05 



Value of 100 lbs. of the fertilizer . $1.66 
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THAT OF 1859. 

Gypsum .... 39.31 Jet. $0.13 

Phosphoric Acid insoluble . . 7.06 4|ct. 0.31f 

" " Soluble . . 6.27 12Jct. 0.78| 



The value of 100 lbs. being multiplied by 20, giVes the 

value of a ton of each. 

Thus, that of 1858 is worth .... $33.20 
1859 " " . . . 24.60 



Diiference against the latter . . . $9.60 

The proportion of Ammonia was two small in either to 
be worthy of notice. 

Comment is unnecessary. I have given the chemical 
constitution and its money value, so that the farmer may 
really know what he is buying. 

The result of all this shows a great falling off in the value 
of three manures, which have been much used in Maryland, 
whilst in two others (Coe's & Rhode's) the quality has been 
generally maintained. 

What quantities of these inferior articles have been sold 
to our farmers because of their original reputation cannot 
be ascertained, but it would seem that means should be 
taken to arrest such frauds. 

It is felony to obtain money or goods under false preten- 
ces, and people are punished criminally for such acts. Is it 
not equally criminal in morals, if not in law, to publish 
certificates of the existence of certain proportions of 
valuable matter in a manure, and yet sell a material con- 
taining perhaps one-third or one-half the amounts stated in 
such certificates ? 

After consultation with many farmers and planters, and 
seriously reflecting upon this subject, I am fully satisfied 
that if a proper sum be allowed me for such assistance as 
will permit a comprehensive system of analysis to be exe- 
cuted, the evil will be very soon corrected. ' 

The conscientious maker or dealer will of course furnish 
fair samples ; but as there might be some who would act 
otherwise, I would propose to take such means as would 
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insure samples of the articles actually received by the 
farmer. 

Such a number of each kind used in this state should be 
analyzed from time to time as will keep the public inform- 
ed of their composition and value. 

The law might require them to be reported monthly or 
quarterly to the Governor or other officer, and published in 
one or more papers in each county, as in the case of the 
laws. 

The effect of these measures would not fail to afford ample 
protection to the farmer against both fraud and ignorance, 
and whilst benefiting the honest dealers would very soon 
drive all others out of the trade.'' 

First Report of Philip T. Tyson, State Agricultural 
Chemist to the House of Delegates of Maryland, January 
1860 pp. 101-102, pp. 130-132. 

I have selected the testimony of Professor Tyson 
because he is the appointed chemist of a State from which 
we receive a large portion of our Guanos and manufactured 
manures. 

It should be remembered by the Planters of Georgia, that 
in most instances, the manufacturers of these compounds 
are residents of distant States, and that the venders, in our 
midst are also in many instances natives of distant States — 
birds of passage, who come merely to make a fortune and 
then to migrate to colder regions. It results from this, that 
whatever losses of money occur in the purchase of fertilizers, 
they are in almost every case total losses to the State of 
Georgia, for the money does not simply change hands 
amongst her own citizens, but is carried out of the State. 

The only method of protecting the planters, is that re- 
commended to the House of Delegates of Maryland by Mr. 
Tyson. 

A law should be passed compelling the venders of fer- 
tilizers to throw open their entire stock to the inspection 
and examination of competent chemists. No honest man 
will object to this test. Dishonest men will always endeavor 
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to defeat the execution of the law. Every attempt to elude 
a fair examination, should of itself be sufficient warning to 
the Planters of Georgia that there is fraud. 

We will now institute a careful and impartial comparison 
between the commercial fertilizers, and Marls and Shell 
Limestone of Georgia. 

In this comparison, it would be manifestly unjust to com- 
pare pound with pound in the commercial and native fer- 
tilizers ; to render the comparison just and equal, we must 
compare the amounts necessary for each acre of land. 

The following table presents the composition of the Shell 
Limestone and Marls of Georgia in tons and bushels, and 
in comparing it with the preceding tables of the chemical 
constitution of the commercial fertilizers, we should com- 
pare bushels with pounds.. 
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The careful comparison of the individual elements of the 
commercial fertilizers with the individual elements of the 
Tertiary Lime formation of Georgia establishes the follow- 
ing results and conclusions. 

1. 100 bushels of the Green Marl contains four times 
more Phosphoric Acid, and as a necessary consequence 
four times more phosphate of lime than one hundred 
pounds of Phosphatic, Amonia Phosphatic, and Peruvian 
Guanos, or of any other commercial fertilizer. 

2. 100 bushels of the Yellow Marl contains eight times 
more Phosphate of Lime than one hundred pounds of any 
known Guano or manufactured manure. 

It would be perfectly safe to apply one hundred pounds 
of these Marls to any land in Georgia, and if the lands be 
newly cleared and rich in organic matters we might double 
and treble the amount. 

The experiments of Senator Hammond and others have 
rendered it at least probable that the lauds of South Carolina 
and Georgia will not bear as heavy applications of Marl as 
the lands of Eagland, Virginia and Maryland, and hence I 
would not until Careful experiments have determined the 
exact amount of Marl which is sufficient for our lands in 
Georgia, recommend the application of this Green and 
Yellow Marl upon sandy cultivated lands, in larger amounts 
than 20o bushels. 

When I have completed the chemical analysis of the soils 
of Georgia, I hope to be able to speak with more precision. 

It is evident, nevertheless, that even with this small 
amount to each acre, the Marls of Georgia will furnish far 
more phosphoric Acid and Phosphate of lime than the 
expensive commercial fertilizers which we have shown to 
be also liable to adulteration. 

In making this comparison we have impartially compared 
these Marls with the very best fertilizers in the market. 

3. 100 bushels of the White shell Limestones Nos. 3, 11 
and 13 contain a greater amount of Phosphate of lime than 
exists in 100 pounds of the great majority of the Guanos 
and manufactured compounds. 
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4. 100 bushels of the Marls and Shell Limestone which 
contain the least Phosphate of Lime, contain fully as much 
as the most inferior Guanos and manufactured manures. 

5. It would be safe to apply 1000 bushels of the Bluish 
Calcareous Clay, which we have for convenience called a 
Bluisli Black Marl, although it contains less Carbonate of 
Lime than usually exists in Marls, to each acre of land. In 
this amount we would obtain 610 pounds of Phosphate of 
Lime, an amount at least twice as great as that contained 
in a most liberal application of the best Guanos and com- 
mercial manures. Hence with truth I affirmed that this 
bluish black Marl would be a most valuable fertilizing 
agent to the surrounding exhausted sandy lands. The 
clay itself which it contains will prove a valuable addition 
to the lands which need clay. It is evident however that 

« 

this calcoreous earth would not bear a long transportation 
either on the farm or on the Railroad, for it contains too 
much clay. 

6. It would be safe to apply 1000 bushels of the Black 
swamp deposit, No. 7, (which we have called swamp muck 
for this was the name by which it was designated by the 
surrounding inhabitants) to each acre of land. In this 
amount we would apply as much Phosphate of Lime as is 
contained in 1000 pounds of the very best Phosphatic 
Guanos, and in addition to this we will apply together with 
the Phosphate 8221 pounds of Organic matters, and 6808 
pounds of Carbonate of Lime. Although the organic mat- 
ters are not as soluble, or^as valuable sources of Ammonia, 
as the organic matters, of Phosphatic and Ammonia 
Phosphatic Guanos, still it is well known to every chemist, 
that lime promotes the disintegration of the most stable 
and insoluble compounds, hence the deposits of swamps 
and peat bogs which are comparatively inert, are readily de- 
composed and prepared for vegetation by the action of 
Carbonate of Lime. 

The value of this black swamp deposit would on this very 
account be increased by mixing it intimately with one 
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quarter of its weight of pounded Shell Limestone or one 
twentieth of Lime. 

This would be easily accomplished, for the surrounding 
hills are composed in great measure of Shell Limestone. It 
should be borne in mind that a less quantity of the mixture 
should be added to the land. 

The remarks which we made with reference to the Bluish 
Black Marl, or Calcareous earth, apply also to this Black 
Swamp deposit. 

7. 200 bushels of the Reddish Brown Marls would con- 
tain as much Phosphate of lime as is found in the Guanos 
and manipulated compounds of medium quality. 

To render these facts still more plain we have drawn up 
the foUowilig table. 
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8. In the preceding calculations we have left entirely out 
of view the important fact that these Marls and Shell Lime- 
stone contain Carbonate of Lime, which is considered by 
the most experienced agriculturists to play even a more 
important part in the economy of vegetation and in the 
chemical changes of the soil, than the Phosphate of lime. 

Thus in 100 bushels of Green Marl we would have 4388 
pounds of Carbonate of Lime, in the Yellow Marl, 4302 
pounds, in the other Marls from 200 to 4238 pounds and in 
the Shell-Limestone from 7932 to 9221 pounds of Carbonate 
of Lime 

CONCLUSIONS. 

1. The Tertiary Lime-formation of Georgia is capable of 
supplying the entire State with the Phosphates and Car- 
bonates of Lime for unnumbered ages. 

2. If the planters of Georgia employ the natural resources 
of their State, they will have no need whatever to purchase 
a single pound of Phosphate of Lime in whatever form it 
be present in the market. 

3. The application of Phosphatic Guanos and superphos- 
phates to soils to which the Marls and Shell-Limestone of 
Georgia have been applied, would be wholly unnecessary 
and would produce no special beneficial effect. The truth 
of this assertion has been demonstrated in those states and 
countries in which Marls rich in the phosphates have been 
applied to the soil. 

4. In as much as Peruvian Guano contains a large pro- 
portion af Ammonia and of organic compounds, capable of 
generating Ammonia during decomposition in the soil, 
it is far more suitable as an application to Marled lands than 
the Phosphate of Lime and Phosphatic Guanos. The high 
price of Peruvian Guano, however will be a serious obstacle 
to its extensive use; and we shall endeavor to demonstrate 
before we leave this subject, that the planters of Georgia do 
not need Peruvian Guano or any other commercial fertilizer 
as sources of Ammonia and of the inorganic compounds 
necessary to the developement of Plants, and the improve- 
ment of the soil. 
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We will in the next place consider the relations to soils, 
plants and animals, and the effects and mode of application 
of the Marls and Shell-Limestone of Georgia. It will be im- 
possible upon the present occasion to do more than present 
general and well established results and conclusions. 

The whole subject will be fully and carefully discussed 
in the large report which we expect to present to the cotton 
planters convention, when the Agricultural Survey of Geor- 
gia is completed. 
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CHAPTER in. 



Relations of Marls and Shell Limestone to Soils. 

That lime is indispensable to the fertility of the soil, has 
been demonstrated by the universal experience of agricul- 
turists, and by the important results attained by the ap- 
plication of calcareous manures to lands of every geological 
formation, and of every quality, and by the known chemical 
and physical effects of lime and its compounds upon the 
constituents of soils and of animal and vegetable manures. 

The full discussion of the relations of lime to soils and to 
plants and animals would fill a volume and must necessarily 
be deferred for the present. We hope, however to present 
such an array of facts and results as will lead to intelligent 
and efficient action. 

The following well established facts will serve the pur- 
pose of demonstrating the proposition that lime is indispen- 
sable to the fertility of the soil. 

Soils devoid of lime, no matter what other salts they may 
contain are in all countries barren. 

The addition of calcareous manures to soils deficient in 
lime changes both their physical and chemical characters, 
and if the other salts necessary for vegetation, be either 
present as constituents of the soil, or be added in the form 
of manure, renders them fertile. 

Chemical analysis has shown that lime and its compounds 
are present in all fertile soils. 

We would hope that those who deny that lime is neces- 
sarily present in all fertile soils constitute but a small class 
amongst practical agriculturists. 
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To place this proposition in a clear light and to demon- 
strate it beyond all contradiction and at the same time to 
develope important facts to guide the planter in the appli- 
cation of lime to various soils, we have drawn up the follow- 
ing tables which embody reliable results obtained in Eu- 
rope and this country. 

In every case the entire series have been selected 
so that the examples brought forward to prove that lime ia 
a eonatituent of all fertile soils are free from every objection. 
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TABLE 22.— ANALYSES OP SOILS OP EUROPE.* 
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Of Georgia. 

Table 25, — Oompoeition of the Boila of Massachueetts, 
according to Prof. Hitchcock. Geology of MaseacliusettB, 
by Edward Hitchcock, L. L. D., vol. 1, pp. 41, '" 
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TABLE 22.— ANALYSES OF SOILS OF EUROPE.* 



00 



CO 



M 
o 

2 


• 

o 

o 
CO 


o oo ^- •»© 00 a^ -^ CO -^ oao OS eo CO <D 

Oi*- 00 •0<N<Mi-HOSOSOO'^50-^i-tO 
<M rH rH -O CO O O i-li>.i-i O r-l O r-l O 

• • • .■■•■•••■•••• 

i-iO (N O <M OO O O O T-H CO O O O 


• o o 

• r-l OS 

• 30"* 

• • • 

»c o 

00 


.... 

1.403 
0.222 

• • • • 

0.088 
0.276 


X 

o 

00 

■ 






• 

.3 
W 


"tJIOOOIICO •04C0O 'OO •«3»Q0COQ0 
CO r-l »C -^ O 'COOCM «0 • i-i r-l »0 »C) i-H 

T-<00(MO rH O O 'O . rH Ol O O O 


83.52 
0.56 


• h« op o 00 t« 

• CO ^ rH U3 00 

. r^O rH O O 


3» 

• 

O 
O 

rH 


• 

o 

o 


oo »0 • O t- Ob- rH oa « O iM rH « t- 

CO ^ rH • rHt- ^ W5 O «C O rH CO -^Jl O H< 

t-.^ CO •OOOOt^'^aS00O«>i— lO 
riO CO OOO O 00*3o (M OO O 


•2*5^oooot- 

•OW5'^»C)W5COrHrH 
•OJr^<N>M(MrHO<N 

• •••••■•• 

OrH-OCOOOrHrH 
00 


00 

O 

m 

OS 





>: 






• 


•t^rHrHCM • 24 a> -^ CO t^ rH >0 


•OOeO OtOrHCO^^OO 


^ 




4> 




o»-< 


• 


•rHOOOrH • »i5 O 00 *- rH <M OS 
•OrHOO •OirHOlCMrHO 


•O CO W 
• CSJt^ 08 


Hi O t- rHrH 




a 




o 00 


• 


rH (M H< !M O 


r^ 






• 


rH-r-: 


• 


OOOO rH 5 rH O O O O 


• * • ^ 

(NO-5 


• • • • • 

CO rH OO O 


00 




PQ 


a 










00 




OS 




(4 


»« OO 


U5 


.^ 


•pt«-00OG<IOC000<N»O 
•^OOOOrHOSCO-TjIOieN 


• lo \a 


. CO »o H< 00 


lO 






CB 


(?« r^ 


CO 


• ^p 


•00 ^ 

• >c o 


• CO »0 CO »o 


-* 




9 


1^ 


CO rH 


ft 


• o 


•OrHOOrHCOrHrHr-lO 


• CO rH eO CO 


00 


w 


^ 


«M 


• • 

rHO 


oq 


•d 


OOOrHOrHOOOO 


• * * 

rH 00 


a • • • • 

O O rH O 


• 

o» 




GQ 


o 










OO , . - 


k 


OS 






o 
QQ 


»C <N 


(M 


CO l« 


•pO'^34H*<CO"^CO-rl<00 
••^0-HiO(Mt-'^000»0 


• § o * 


OOP OO 

00 CO^ Hjt (N 


00 




00 rH 


«5 


o o 


CO 




:3 




<N r-* 


<N 


OO 


•OrHOCOrHlOrHrHrHO 


CO CO 04 O CO 


r-* 




•s 




• 


• 


» • 


• •••••••••• 


» * * . 


• • • • • 








rHO 


(34 


oo 


OO O r-l OrH OOOO 


r^rH 


coo O rHO 


cs 














00 




OS 



' S-i 

a 
PQ 






>H 



.a 

a 
u 
o 

PQ 

» 

o 



o 



O OS 

o*- 



t>» 00 CO CO 
(M OS OJ O 

OOOO 

• • • • 

OOOO 



CO 0) 00 04 OS OS OS 
i-H U (M 00 OS k0.b« 
00 08 04 04 <N rH O 

(M -3 r^ o o o o 



OOOO a>o4Ud>ooseo 

OOOO OOSOrHt^C^ 
osos o9coeo-^(MO 

rHO-*3cOrHOOO 

00 



00 

00 
OS 



bw -^ OS . 00 • U5 <3«00 HI 91 CM 00 CO OS to 

"^ ft 00 -O • CO t- rH <N OS O OS rH O H< 

T-* r-i OS .O • O O O 00 O CO <N <yj rH O 

♦-I O rH O OOOrHOrHOOOO 



• H* OS 

• O t- 
•t- CO 

• _? • 

OSrH 



rl OS CO to CO 
00 CO 94 00 

CO kO CO 00 

• ■ • • • 

CO oo rH O 



:^ 



CO 
lO 

00 
OS 



o 



s 
s 



S 

9 



OS 91 93 

OO CO 
rH rH O 



00 91 



rH O 91 O O 



•O'*OO'«*<9l9«009IO 
•eOOO-H9aOrHr1t-9ICO 
•OOO^OrHlONrHrHO 

0009I0rH0000 



O O 

00 CO 

91 »0 

• • 

O rH 
00 



•O OO 

• 00 00 91 

• 91 H< »0 



CO CO O rH 




»o 

OS 

OS 



>o 



c (V 

is 



Mar- 
chand 


Bo- 
deker. 



a 

9 



O 
08 



O 



CO O OS 

ooo H« 

OOO t- 



91 94 

o o 
o o 



O OS 
00 o 
o o 



00 



OS to t^ O CO 

•COOOCOCOOSCOrH 
• 94 rH Hi 91 O -H O 

• • • ••*••.••••••• 

OO r-t OO OO rHOrHOOOO 



^ 



CO O 94 00 «01>« 

C09)O000SO«D00 
H* CO O CO rH rH QD t— 

t>-OOH<0000 

00 




• CO CO O f o o 

. O 00 CO O »0 rH 
•OOO O H< 94 

• ••••••• 

O OOOOrHO 



rH 00 OS t- CO O 
O op OS H* O OS 
O H5 O O 94 O 

OOOO 



• t-OS VOSb^rHHtCO 
•OSCO QrHHJCOOQO 
♦OSt— OBCOH^eOrHO 

lOrH-MCOOOrHO 
00 



O 
O 

o 

d 
o 



>0 CO OS 94 00 H< CO 94 CO t- OS 94 94 rH rH 94 rH • 00 b- O 00 O t- ©4 00 
e0t-rHCOU5rH03rHO94C094000SOC0t-- •OO'OrHt-COOOOSOS 
OS O rH OS O O O O O O rH O 94 CO rH r-l 94 • HI rH rH 



OOOrHOOOOOOrHOOOOOO 



94 
00 



OS CO OS .b~ kO 
O O O O CO o o 



S boo <» ^•S 

2 o 2 bcva «5 



^ 



_§ o C bcv5 «:« 
flJ.tS >«»Wj gua 

c>5z;WOaQOi 



C3 '* 

a ar*3 



o 

o 

o 



09 



o 






o 

V 

a 

C8 

be 

fl 

03 

s 

no O 

.2 2 cj 

QQ02-< 



e8 
QQ 



. 0) 
• 00 

J a 

O 08 

g :■-§ 

•rt "H • 

i2 i s s * 

'O o o a 
•E.2-3-3- 






o 



CO 



08 



maS'S.gSSfl ©PS- 

S bC*^ ® O WW'S e Sd^.2 
•^,2 o 0-3:73 a> D-i'S,^ o © 

KjJ5a(f]QOaiajaQ'<1>-3SsuaQ 







22 .S .5 *« o 'S 



O*^ 
P94i 

o-i:^ 



o 

Eh 



*Aiinn»I report of the Progress of Oliembtry and the A.llled Sciences, by Justus Liebig and H. Kopy, 

TOl. Ul| IqIV, p. 4Dv. 



Of Georgia, 



^9 



04 



TABLE 28.— ANALYSES OP SOILS OP EUROPE.* 
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Tertiary Lime Formation 
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Table 25. — (Joraposition of the soils of MaEsachuBetts, 
according to Prof. Hitchcock, Geology of MaseachusettB, 
by Edward Hitclicock, L. L. D., vol. 1, pp. 41, 43. 
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Tertiary Lime Formation 
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Water as moisture 
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Of Georgia. 

TABLE 28 — COMPOSITION OF THE SOILS OP SOUTH CAROLINA. 
Report on the Qeotog? of South C»rolin«, by M. Tuomey, pp. 858-261. 
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The comparisoQ of these results, developes fects and 
principles of the greatest value to agricult'iriats, 

We shall in the present report, point out oulj those more 
general facte and principles which bear immediately upon 
the relations of lime to soils and organized beiogs. 
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My investigations upon the soils of Georgia will not be 
completed for a considerable length of time, and I have not 
therefore classed the partial results, thus far obtained, with 
these tables. When completed, comparisons will be insti- 
tuted with the facts here recorded ; these tables will, there- 
fore, independently of their present interest, be valuable 
for future reference. 

In examining these tables, with minds occupied with the 
present subject, the first fact which strikes our attention is, 
that soils differ greatly in the proportion of lime. 

(a.) — The Proportion of Lime varies in different soils. Cause 

and influence of this variation. 

If we knew with certainty the chemical constitution of 
the rocks from which a soil has been derived, and the 
changes through which it has passed, and the various agen- 
cies, chemical and mechanical, to which it has been sub- 
jected, we could, in a general manner, not only predict the 
chemical constitution, but also give the efficient cause of 
the presence or absence of the various constituents. 

Whilst it is an established fact, that all soils were origin- 
ally produced from the disintegration and decomposition of 
rocks, effected by various chemical and mechanical agencies, 
air and water, heat and electricity, currents and waves, and 
by the slower actions of the vegetable and animal king- 
doms ; nevertheless, it is often difficult to determine with pre- 
cision the rocks from which soils have been derived, and it 
is still more difficult to determine the various agencies to 
which they have been subjected, and the various chemical 
and physical changes through which they have passed, for 
soils are often derived from rocks hundreds of miles dis 
tant, as is the case with the soils of the Tertiary and recent 
formations of Georgia. 

When we reflect that the continents now inhabited and 
cultivated by man, have been in past ages submerged for 
unnumbered centuries, and that the surface of continents 
have been formed by the materials resulting from the old 
rocks, which appear to have been first in a molten condition; 
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when we reflect that^ the materials derived from the disin- 
tegration of these older rocks, form strata thousands of feet 
in thickness; when we reflect that the continents have 
been subjected to various elevations and depressions, stand- 
ing out for thousands of years above the waters of the 
ocean, subjected to the slower action of the atmosphere, 
moisture and the vegetable kingdom, moved by the forces 
of the sun — submerged for thousands of years, subjected to 
the action of mighty and irresistable currents, which have 
conveyed the disiiltegrated materials thousands of miles 
from the point of disintegration, we will have a clear 
explanation of the fact so important to the agriculturist, that 
soils do not necessarily correspond in chemical constitution 
with the rocks upon which they lie. We have in the coun- 
ties of Screven, Burke, Washington, Jefferson, and many 
others, in the Tertiary formation of Georgia, a clear demon- 
stration that soils do not necessarily contain the same 
elements as the formations upon which they rest. 

^ Thus, in the region of country to which we refer, we 
have first the upper layer, the surface soil, composed of the 
products of decaying vegetation, sand, clay, and various 
inorganic salts, necessary for vegetation — this varies in ' 
depth from one inch to one foot. Beneath this, we have a 
layer of sand, pebbles, and clay, varying in depth from one 
to six feet. The pebbles found in this second strata, or 
more properly subsoil, appear to have been removed from 
northern regions during the last great geological deluge, 
which took place after the elevation and consolidation of all 
the rocks, and subsequent to the deposition of the tertiary 
clays. In Richmond, and other counties lying to the south 
of the primitive region, we find that not only were soils and 
pebbles removed to great distances, by this last great geo- 
logical deluge, but that large masses of rock have been 
transported by it, and deep excavations have been made by 
the currents in the tertiary formation, and filled with sand 
and pebbles ; and that in the vallies of Burke, and other 
counties, the joint clay has been almost entirely denud- 
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ed and swept off by this current. Beneath this bed of 
clay and pebbles, we have the joint clay, resembling chalk, 
but differing wholly from it in composition, containing only 
a small proportion of carbonate of lime, apparently depos- 
ited at the bottom of a deep still sea, for it contains no peb- 
bles or rocks, of any size, and but very few organic remains. 
Beneath this bed of joint clay, which varies in thickness 
from 6 to 60 feet, having in certain localities been greatly 
denuded by the last great geological deluge, we find the 
marls and shell limestone of the Eocene formation, which are 
known in some parts to be more than 300 feet in thickness. 
Now, whilst the lowest formation, the suell limestone, is 
almost entirely composed of carbonate of lime, with little 
or no sand or alumina, the joint clay, immediately above, 
and resting upon this conglomerate of fossil' shells, contains 
not more than from J to 4 per cent, of carbonate of lime, 
and is composed of sand and alumina, and silicate of alu- 
mina and other bodies; and the yellow clay and drift 
materials resting upon the joint clay, contains still less 
lime; and the soil which the planters of this region culti- 
vate, contains very little more lime than soils which are 
entirely removed from lime formations. 

With truth then we may affirm that the examination of 
the chemical constitution of soils reveals great and leading 
truths to the agriculturist. 

If the planter takes the view that soils are in every case 
derived from the rocks upon which they rest, he would in 
Burke and Jefferson, and other counties where lime forma- 
tions underlie the soil, affirm that marling was useless, 
because the soil must already contain an abundance of lime. 

Chemical analysis corrects the error, and leads to the 
inauguration of that system of culture by which the treas- 
ures so bountifully bestowed by Providence, will be made 
to restore the abused and exhausted soil to a degree of fer- 
tility superior even to that possessed in its virgin state. 

There are countries, however, in which the soils have 
been derived from the rocks upon which they lie, and the 
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chaiacter of the soils have been in such cases determined 
by the physical and chemical composition and properties 
of the rocks. 

Thus, in the Highland district of New York, there are 
two distinct varieties of soil, derived from the same class of 
rocks (the primitive rocks); the one derived from the ordi- 
nary coarse granite, called potash felspar, contains a large 
proportion of the silicates of alumina and potash ; whilst 
the other, derived from the lime felspar, belonging to the 
hyposthene rocks, and composed in great measure of labra- 
dorite, and devoid of mica, contains a greater amount of 
the silicates of limie and alumina. 

The soils derived from the latter, are more suitable for 
the cultivation of wheat than the soils derived from the 
potash felspar, because they contain more lime. 

The soil of the old red sandstone of JSTew York corres- 
ponds in its general chemical constitution to the rocks from 
which it has been derived. It contains but little lime, and, 
under cultivation, is speedily exhausted, and in order to 
produce crops, it has been found necessary to add lime with 
all the manures. 

The soils of the wheat district of Xew York, embracing 
the central ^nd western counties, which are considered to 
be equal to any wheat soils in the United States, do not 
appear to derive their valuable properties of yielding large 
crops, and of remaining fertile for long series of years of 
continued culture, so much from the organic matters, as 
from the inorganic elements derived from the rocks upon 
which they rest. 

The investigations of Professor Emmons,* of ifew York, 
upon this wheat district, which extends from the south 
shore of Lake Ontario to a line drawn through the middle 
of Cayuga and Seneca lakes, have shown tiiat the great 
fertility and inexhaustible nature of this wheat soil is due 
to the fact that it has been derived chiefly from the decom- 
position ot the calcareous shales associated with the lime- 

* Natural History of New York Agriculture, vol. 1, pp. 272-275. 
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atones of the Onondaga salt group, and from the grey and red 
marl of the Medina sandstone, and from the calcareous 
shales and slates of the Ontario divieion. 

That the composition of the soils of the wlieat district of 
New York corresponds to the composition of the rocks from 
which it has been derived, may bo determined by compar- 
ing the constituents of these soils as recorded in the tables, 
with the following analyses by Professor Emmons, presents 
ing the composition of the most important rocks from which 
these aoila has been derived : 
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Prom these several analyses of the rocks from which 
these valuable vs^heat soils have been derived, it will be 
observed — 

First, Lime enters largely into their composition. The 
lime is found in combination with sulphuric acid, carbonic 
a:.id and phosphoric acid, and with chlorine. The sulphate 
of lime appears to be derived principally from the beds of 
gypsum, which are found amongst the shales. 

Second, Magnesia is an important and constant con- 
stituent of the shales and limestones. These observa- 
tions in New York demonstrate that this element, 
when not in the caustic condition, but combined with 
carbonic and other acids exerts beneficial influences upon 
cereals. Observations upon the influence of dolomites 
(limestones containing a large amount of carbonate of mag- 
nesia) in Berkshire, Massachusetts, in England, and in other 
countries, demonstrate the correctness of the conclusion 
that magnesia saturated with carbonic acid gas is not inju- 
rious to vegetation. 

Third. These rocks contain all the salts of soda and 
potassa, as well as those of lime and magnesia, necessary 
for vegetables and animals. 

Fourth. These rocks also contain organic matters which 

are supposed to have been derived from the plants and 

animals which lived at the period of the deposition of these 

rocks. 
According to the returns of the wheat crop of New York 

from 1844 to 1845, the soils resulting from the decomposi- 
tion of the older and harder rocks, as those of the Taconic 
and Hudson and Mowhawk districts, yielded only from 8 
to 9f bushels to the acre, whilst the soils of the western and 
central wheat district yielded on an average 15 J bushels to the 
acre. The differences in the yield of the lands in these regions 
have been shown by Professor Emmons to be due to differ- 
ences in the physical and chemical constitution of the soil, 
and to differences of the chemical and physical constitution 
of the rocks from which they have been derived. 

We might multiply examples to show that a deficiency 
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of lime causes sterility, whilst its abundance promotes fer- 
tility. The following examples, however, in addition to 
those which we have just recorded, will be sufficient to 
place the question of the value of lime beyond all doubt or 
dispute. 

Long Island, if we except the drift upon its northern 
slope, or that which faces the sound, has been recovered 
from the ocean — it is based upon a reef of rocks upon which 
sand has been washed up by the waves, the soil is therefore 
composed almost entirely of washed sand, which is exceed- 
ingly porous, and contains but little lime. It yields but 
poor returns to the agriculturist, unless highly manured. 
The sea islands upon the sea coast of Georgia have a sim- 
ilar constitution to Long Island, but they are in many cases 
more productive, on account of the vast number of shells 
deposited upon them by the Indians, and left upon the sur- 
face after the last elevation of the Atlantic coast. 

The soil from Schodack, New York, the analyses of 
which are recorded in the table, contains only a trace of lime 
and magnesia, is a very poor soil and is soon exhausted by 
culture. 

In Smithfield, Rhode Island, a very luxuriant soil has 
resulted from the mixture of the detritus of hornblende 
rock and limestone. The effects of lime in rendering this 
soil fertile, is demonstrated by the fact that white and red 
clover, and other sweet grasses spring up upon it as they 
would do upon carefully limed soils.* The tertiary soils of 
Rhode Island, on the other hand, are wanting in vegetable 
matter and lime, and are correspondingly poor and easily 
exhausted. 

The Black Jack lands of York and Chester, South Caro- 
lina, which have resulted from the decomposition of porphry, 
and which contain, according to the analysis of Professor 
Tuomey, near three per cent, of carbonate of lime, and an 
appreciable amount of soda and potassa, prove, when pro- 



Jackson's Agricultural Report on Rhode Island, p. 128. 
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perly drained and cultivated, to be equal to the best grain 
lands in the State of South Carolina. 

From the disintegration of ''rotten limestone " are pro- 
duced the richest prairie soils of the counties of Green, 
Sumpter and Marengo, in Alabama. 

In a still farther examination of these tables, the next fact 
which strikes our attention is : 

(6.) — The proportion of Sand and Clay varies greatly in differ- 
ent soils. 

The texture of soils depends in great measure upon the 
proportions of sand and clay. 

Pure sand forms a soil without any tenacity. The effectiai 
of manures speedily vanish upon sandy soils. 

Pure clay forms a soil of the greatest tenacity, and a soil 
which is with difficulty drained. 

It would be important and interesting to consider these 
properties of soils in their, relations to drainage, but we 
must defer the thorough discussion of this subject to the 
report upon the soils of Georgia, and confine our attention 
to their relations to lime. 

Tlie texture of the soil has important bearings upon the 
action of lime, and determines in a great measure the 
amount which should be applied. 

And here again a knowledge of the chemical constitution 
of the rocks from which the soil has been derived is of 
great importance. The proportion of hard insoluble coarse 
particles in soils which are generally denominated sand, 
differ both in physical and chemical characters, according 
as the rocks from which they have been derived differ in 
these characters. Thus, we may have a coarse or a fine 
sand. Thus in the highland or primary districts of New 
York, the soil is coarse and the quantity of finely divided 
matter is evidently deficient, because derived from hard 
rocks which decompose slowly; whilst the soils derived 
from the Taconic rocks are finer than those of the Primary, 
and contain a greater proportion of finely divided matter, 
and yet they are inferior in fineness of division, from the 
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soils of central and western New York, which have been 
derived from Sedementary rocks of a newer date, which are 
still more rapidly decomposed. That texture alone will 
influence the fertility of a soil, might be illustrated by nume- 
rous examples; the following well established facts will, 
serve to show the eftects of division : Soils composed almost 
entirely of coarse sand silex, allow the salts applied to 
enrich the soil to be washed out by the rains, and both their 
capillary power for fluids, and their absorbent power for 
gases are weak. The power of such soils to absorb moisture, 
and ammonia, and other gases from the soil, and to draw 
up by capillary attraction the water from beneath will be 
greatly increased by comminution or by adding some 
material which will absorb readily moisture, which will de- 
compose the coarse particles, and thus give tenacity to the 
soil. Now lime is precisely the substance which accom- 
plishes these effects. 

It has been calculated by Professor Leslie that in a soil 
of gravel, the pores of which are 1-lOOth of an inch in 
diameter, water will ascend in these pores by capilliary 
attraction not more than four inches; whilst if the coarse 
sand have interstices of only l-500th of an inch, water will 
rise through a bed of this sand sixteen inches ; and if the 
pores be still farther diminished to the 1-lOOOOth part of an 
inch, water will rise in such minute capillary tubes twenty- 
flve and a half feet. The effect of the addition of lime to 
the soil is to diminish the size of its pores, and thus increase 
its power of capillary attraction. 

The effect of fine division upon gases is well shown in 
the case of spongy platinum — if a solid piece of ordinary 
platinum be plunged in a stream of hydrogen gas no effSsct 
whatever will pe produced; whilst if finely divided pla- 
tinum be plunged in the hydrogen, it will condense 
the gas with such rapidity that it will become red hot, 
and inflame the gas almost instantaneously. In our 
own bodies the great changes of life take place in 
the delicate capillaries^and in the minute blood corpuscles, 
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not more than the l-3000th part of an inch in diameter. 
Division promotes contact, and close contact allows the 
play of those molecular forces which act only at infinitely 
small distances, and the greatest of these forces, which can 
alone be excited by close contact is chemical affinity, which 
generates electricity, and is the great force in all animal and 
vegetable existence. Chemicaf action is inseperable from 
activity upon our globe — it is the great source of force in 
animals, and whether excited by the sun or by the secon- 
dary electrical forces generated in the bowels of the earth, 
it is the great force upon which vegetation absolutely de- 
pends. 

The following table will present a condensed view of 
many of the important physical relations of Lime to Soils : 
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From a careful comparison of these results, the following 
conclusions, bearing more directly upon the employment of 
Calcareous manures in agriculture may be drawn : 

First : The tenacity of fine calcareous earth is less than 
one-tenth of that of sandy clay soil, less than one-twelfth 
of stiff clay soil, less than one-sixleenth of the tenacity of 
stiff clay, and twenty times less than the tenacity of pure 
clay. 

The tenacity 'of calcareous earth is less than one-fourth 
the tenacity of arable land, and approaches more nearly 
to that of Humus, and of the richest and best garden earth. 

In wet weather stiff clay lands, on account of the rapid- 
ity and extent with which they absorb, and the obstinacy 
with which they retain water, are soon converted into a stiff 
cohesive mud, which is worked with great trouble and dif- 
ficulty on account of the increased tenacity. In long con- 
tinued dry weather, stiff clay lands on account of the extent 
to which they contract and of the consequent increase of 
their tenacity, not only become so hard that they are with 
difficulty worked, but the roots of corn and cotton and of 
all vegetables penetrate the hard dry soil with great difficul- 
ty, and are greatly exposed and injured by the shrinking 
and cracking of the clay during drying. Not only theory 
and philosophical experiments performed in the Laboratory, 
but more especially practical agricultural experience, de- 
monstrate in the clearest and most indisputable manner, 
that the addition of marl and of calcareous manures gener- 
ally to clay soils, diminishes their tenacity in both wet and 
dry weather, counteracts the tendency to shrink and crack 
during dry weather, and thus renders them more easy of 
cultivation, and more suitable to sustain vegetation. 

Second : Inasmuch as calcareous earth absorbs water far 
more rapidly and to a much greater extent, and retains it 
much more tenaciously than sandy soils, and than even 
good arable land, it is evident that the addition of marls 
and calcareous manures generally to sandy lands will in 
crease the power of absorbing and of retaining water, and 
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thus remedy a most prominent and injurious defect in this 
class of soils. Here again the results of experiment and 
the deductions of reason, correspond with those of actual 
agricultural experience. 

Third : The Hygrometic power of calcareous earth, is not 
only far greater than that of sand and sandy soils, but it is 
nearly twice as great as that of good arable land. The abil- 
ity to absorb moisture readily from the atmosphere is a most 
valuable property in its relations to the germination and 
development of the vegetable kingdom. The moisture in 
the atmosphere contains not only water, which enters so 
largely into the composition of all plants, but it also con- 
tains small quantities of Carbonic Acid gas, Ammonia, and 
in certain conditions of the atmosphere, Nitric Acid — com- 
pounds which play an essential part m the economy of vege- 
tation. It is evident, therefore, that the addition of marls 
and of calcareous manures to sandy soils, and in fact to 
almost all arable lands, will increase their fertility, by in- 
creasing their power of absorbing water and valuable com- 
pounds from the atmosphere. 

• Fourth : Calcareous earth absorbs heat less rapidly, and 
is far less subject to variations of temperature than sandy 
soils, and in fact, even than good arable soils. 

The rapidity with which soils allow their water to evapo- 
rate influences their temperature, for during the evaporation 
of the water the thousand degrees required to change the 
water to the state of vapor, is abstracted principally from 
the surface of the soil, upon which the evaporation is taking 
place. It is evident from this fact that soils which retain 
their moisture with tenacity, and consequently allow 
their water to escape by evaporation slowly, and at 
the same time absorb heat slowly and part with it cor- 
respondingly slowly, must necessarily possess a far more 
uniform temperature, and must as a necessary consequence 
be far more favorable to vegetation than soils which allow 
of rapid evaporation, and rapid aborption and radiation of 
heat. 
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The addition of marls and of calcareous manures, gen- 
erally to sandy soils will render their temperature more 
uniform. 

A still farther comparison of the results embodied in the 
tables of the composition of the soils of various countries 
and States in Europe and America, leads to the observation 
that soils differ greatly in the proportion of organic matters. 

An accurate knowledge of the amounts of organic mat- 
ter in soils, is essential to the intelligent and successful ap- 
plication of calcaceous manures to land. 

The intelligent and successful application of calcaceous 
manures must depend upon a knowledge of the chemical 
relations of lime to the inorganic and organic constituents 
of the soils. 

(c) Chemical Relations of Lime to the Inorganic and Organi 

Constituents of Soils. 

The effects of lime upon the constituents of soils are not 
merely physical effects ; as marked and as important as are 
the physical effects of calcareous manures upon soils, the 
chemical effects are still more decided and important. 

By the following simple experiments, the planter may 
demonstrate to himself, that lime exerts chemical effects 
upon manures, soils and rocks. 

If lime be mixed with Peruvian Guano there will be pro* 
duced, almost immediately, a strong smell of Ammonia ; 
the lime has displaced the Ammonia, and combined with 
the Carbonic Acid and other organic and inorganic acids 
which had formed with the Ammonia of the Guano, solid 
compounds ; the same effect will be produced by the addi- 
tion of lime to stable or cow-pen manure. This effect of 
lime upon the compounds of Ammonia, is exceedingly in- 
teresting to the planter, as indicating the impropriety of ad- 
ding quick lime to manures which contain the valuable 
ingredient Ammonia. 

If we carefully wash out all the soluble matters from 
manure of any kind, and then add lime, we will obtain, af- 
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ter allowing the mixture to remain for several hours, an aa- 
ditional amount of soluble matter. 

K we place a definite quantity of soil upon a filter, and 
pass pure water through it until every trace of soluble mat- 
ter is removed, (which may be determined by evaporating 
the distilled water after its passage through the soil, in a 
clear watch glass or silver plate,) and then add to the soD 
lime, and allow the mixture to remain in a moist state for 
several days, and again pass distilled water through the 
mixture, we will obtain an additional portion of soluble 
matter, together with a portion of the lime which has been 
rendered soluble by chemical combination with the ele- 
ments of the soil. 

If we boil Felspar, one of the constituents of Granite, 
which contains the silicates of Potash and Alumina, with 
water, or even with acids, they will dissolve but little out 
of it, even after days and weeks ; if however, the Felspar be 
mixed with lime, the alkali Potash may be readily dissolved 
out by means of acids, and even by water. 

These experiments clearly show that when lime is added 
to the soil it causes chemical changes in both the inorganic 
and the organic compounds of the soil. 

It is important that we should examine more closely the 
chemical effects of lime upon these two great classes of 
compounds, which exist in all fertile soils. 

(d) Chemical effects of Lime upon the Inorganic ConstituenU 

of Soils. 

Every fertile soil is composed in large measure of insolu- 
ble Silicates, which are commonly called clay. The differ- 
ent varieties of clay, although possessing many properties 
in common, still differ in chemical constitution, and each 
variety, although apparently nothing but a plastic mass of 
a homogeneous simple substance, is in reality composed of 
several different substances. The varieties of clay will differ 
with the rocks from which they have been derived, and with 
the various changes through which they have passed. Thus 
kaolin or china clay may arise from the decomposition of 
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the same rock Felspar, under two different conditions ; and 
the kaolin will be different in each case. When felspar, 
which consists of one atom of the silicate of potash, com- 
bined with two atoms of silicate of Alumina, decomposes 
in a wet or rainy atmosphere, the silicate of potash appears 
to be simply washed away by the water, and the resulting 
clay has the composition of three atoms of silica and two 
atoms of alumina; when however, the felspar decomposes in 
a moist, but drier atmosphere, the silicate of potash, instead 
of being entirely washed away, is first decomposed, the 
silicic acid combines with the silicate of alumina, and the 
potash escapes as a carbonate, and the clay resulting is 
composed of four atoms of silica and two of alumina. 

There are numerous other minerals which, during their 
decomposition, afford clay of various constitutions. 

To illustiate this important truth to the agriculturist, 
that clays are composed of a great variety of substances, 
we have selected as examples three specimens of clay, 
from one country (the Netherlands) taken from the Zuider- 
zee, and analyzed by E. H. Von Baumhauer. 

We shall, at a subsequent part of this report, present 
analyses of the Joint clays of Georgia, and not only illus- 
trate the propositions here announced, but also demonstrate 
their great value in agriculture. 

TABLE 30. CHEMICAL COMPOSITION OF CLAYS FROM THE ZUI- 
DERZEE. 

First. Second. Third. 
Insoluble Quartzose sand, with 

Alumina and Silica, - - 57.646 51.706 55.872 

Soluble Silica, - - - 2.340 2.496 2.286 

Alumina, - . . . 1.830 2.900 2.888 

Peroxide of Iron, - - - 9.039 10.805 11.864 

Protoxide of Iron, - - - 0.350 0.563 0.200 

Protoxide of Manganese, - 0.288 0.354 0.284 

Lime, 4.092 5.096 2.480 

Magnesia, .... 0.130 0.140 0.128 

Potash, 1,026 1.430 1.621 
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First. 


Second. 


Tliird. 


Soda, 


- 


- 


- 


1.972 


2.069 


1.937 


Ammonia, 


- 


- 


- 


0.060 


0.078 


0.075 


Phosphoric Acid, 


- 


- 


- 


0.466 


0.234 


0.478 


Sulphuric Acid, 


- 


- 


• 


0.896 


1.104 


0.576 


Carbonic Acid, 


- 


- 


- 


6.085 


6.940 


4.775 


Chlorine, 


- 


- 


- 


1.240 


1.302 


1.418 


Humic Acid, 


- 


- 


- 


2.798 


3.991 


8.428 


Crenic Acid, 


- 


- 


- 


0.771 


0.730 


0.087 


Apocrenic Acid, 


4» 


- 


- 


0.107 


0.160 


0.152 


Humin, Vegetable 


remains 


and 








Water chemically 


combined 


> ' 


8.324 


7.700 


9.348 


Wax and Resin, 


- 


1 


•• 


trace 


trace 


trace 


Loss, 


^ 




- 


0.542 


0.611 


0.753 



100,000 100.000 100.00 

We are at once impressed with the important fact that 
these clays contain all the elements necessary for the growth 
and development of plants and animals. We shall hereafter 
show that the Joint clay not only in like manner contains all 
the elements necessary for the constitution of plants and 
animals, but also contains a much larger proportion of 
Phosphoric Acid, than these clays; and has by the abundance 
of this fertilizing element rendered the soils with which it 
has been mixed exceedingly fertile and durable, and has 
through the vegetable kingdom exerted most marked and 
important influences upon the physical structure of the in- 
habitants. 

Notwithstanding that many clays contain all the inor- 
ganic compounds necessary for the production of vegeta- 
bles, still, in almost every case, these compounds are insol- 
uble, and can be obtained by the plants growing in the soil, 
only in small quantities. 

Carefully conducted experiments have demonstrated con- 
clusively, not only that these inorganic salts are absolutely 
necessary to the existence of the higher species of plants 
used by man for food and clothing but also that these salts 
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to be available to plants must be in a soluble condition^ 
It is evident therefore, that whatever tends to decompose 
■and render soluble the insoluble constituents of clays, will 
add to the fertility of the soil. 

This is precisely the eftect accomplished by lime. By its 
action upon the inorganic constituents of the soil, the in- 
soluble silicates of the clay are decomposed, and alumina 
and magnesia, and the alkalies, potash and soda, are set 
free, and silica is rendered soluble. 

In adding lime to the insoluble silicates of the soil, the 
agriculturist acts in precisely the same manner that the 
chemist does when he wishes to separate the constituents of 
some insoluble and apparently undecomposable mineral as 
felspar. In both cases the silica is separated and the alka- 
lies liberated; and it is well known to agriculturists that 
these alkalies are of the greatest importance in the success- 
ful cultivation of corn and cotton, and in fact, of all plants. 
To substantiate the value of these alkalies combined with 
silicic acid, we need look no farther, than to the valuable 
effects of the Green Sand of New Jersey, the chemical 
composition of which we have before given. See page 46, 
table 12. 

(e) Chemical effects of Lime Upon the Organic Constituents 

of Soils. 
The organic matters existing in the soil have been derived 
from both the vegetable and the animal kingdoms. It is 
well known that these two kingdoms are mutually depen- 
dent — ^the vegetable kingdom is a great laboratory, worked 
by the forces of the sun and fixed stars, in which materials 
are prepared and elaborated for the animal kingdom; whilst 
the animal kingdom consumes these materials prepared by 
plants, and derives from their chemical changes precisely 
the same amount of force which was expended by the sun 
and fixed stars in the vegetable laboratory, it does not 
destroy this matter, but merely changes its form. The 
vegetable products, the starch, the sugar, and all the 
various compounds consumed by the animal kingdom, axe 
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converted into various compounds and restored to the soil, 
and to the atmosphere. The principal portion restored to 
the atmosphere, the poisonous Carbonic acid gas constitutes 
an important element of the food of plants — the same is 
true of the ammonia resulting from the decomposition of 
the fseces and urine, and bodies of animals. It is admitted 
that from the atmosphere, Carbonic acid gas, water, ammo- 
nia and the inorganic salts, furnished by the animal king- 
dom, all the various vegetable products may be formed. 

The vegetable kingdom in like manner with the animal 
kingdom, is liable to constant change, generation succeeds 
generation ; and as in the case of animals, the dead are ad- 
ded to the soil and atmosphere. The products of the de- 
composition of the vegetable kingdom which we call Hu- 
mus, have all existed in the atmosphere, at some former 
period in the form of gas, and will exist in some future 
period again in the atmosphere in the form of gas, and will 
again be sbsorbed by the vegetable kingdom, and under the 
influence of the heat and light of the sun these gases will 
again be decomposed, the elements combined with other 
elements so as to form solids, destined to go through the 
same round of changes. 

The great fact which we wish, by these well established 
facts, to illustrate and impress upon the minds of the plan- 
ters is, that the organic matters of the soil are in a state of 
change, and that this change is absolutely necessary to 
the existence of the vegetable and animal kingdoms. If 
the organic matters of the soil remain unchanged, vege- 
tation would go on consuming the Carboni3 acid and 
Ammonia, and the nitrogen of the atmosphere, and convert- 
ing the great proportion of the compounds resulting from 
the action of the vegetable kingdom into insoluble useless 
forms. Whilst it would be true that the animal kingdom 
would convert a certain portion of the compounds formed 
by plants into those gaseous compounds necessary for the 
existence of the vegetable kingdom, still it is evident that 
there would be a constant diminution of the matter circula- 



Of Georgia. 12d 

ting between the two kingdoms, for every leaf and tree that 
died would abstract a certain portion of this changing mat- 
ter, and place it in a state of permanent rest. 

Humus then is one of the states through which matter 
passes during its circulation between the animal and vege- 
table kingdoms. 

The principle of practical importance which we derive 
from these facts is, that the rapid change of vegetable and 
animal matters into gaseous .products is favorable to the 
development and perfection of crops. 

K wood, leaves and vegetable matters generally be ex- 
posed to the action of the air, they gradually undergo de- 
composition, and various products as humic, ulmic, geic, 
crenic and aprocenic acids are formed, together with Car- 
bonic acid — that most important gas to plants. The rapidi- 
ty of the decomposition of the vegetable matters will de- 
pend upon the temperature, the moisture of the air, and the 
thoroughness with which the matters undergoing decomposi- 
tion are exposed to the action of the oxygen of the atmos- 
phere. When the atmosphere has free access, the oxygen 
of the air is converted into an equal volume of Carbonic gas, 
and a large quantity of water is evolved, whilst also a small 
portion of nitrogen is absorbed, and ammonia, that most 
valuable food of plants is generated. If on the other hand, 
the supply of air be cut off and the decomposition of the 
vegetable matters takes place under water, but a small 
portion of Carbonic acid will be generated, and the pro- 
ducts of the decomposition will be far more insoluble and 
stable than those resulting from the decomposition of the 
vegetable matters freely exposed to the atmosphere. The 
insolubility and indestructibility of the products resulting 
from the slow changes of wood and vegetable matter in gen- 
eral, in positions where they are in great measure excluded 
from the action of tne oxygen of the atmosphere, may be 
readily seen in the varieties of coal, lignite and peat, which 
exert little or no effect upon plants, unless they be first de- 
composed by the action of some substance possessing power- 
9 
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ful chemical affinities and capable of exciting decomposition. 
Whilst peat in its natural state, on account of its insolu- 
bility and its power of resisting chemical change, is com- 
paratively valueless as an application by itself to land, still 
when mixed with lime, it acts most beneficially not only 
by the compounds resulting from the decomposition of its 
organic carbonaceous compounds, but also by the liberation 
during this decomposition of its inorganic salts. 

Insoluble organic compounds analagous to peat and com- 
paratively valuless in themselves, exist in every soil ; and 
the value of the organic matters of soils depends not only 
upon the quantity, but upon the state in which they exist. 

We conclude from these facts that any substance which 
is capable of exciting chemical changes in the various or- 
ganic constituents of the soil, will render the soil more fer- 
tile by assisting in these changes which result in the forma- 
tion of gases and soluble compounds, and in the liberation 
of inorganic salts, which are absolutely necessary to a luxu- 
riant vegetation. 

It 18 evident, therefore, that the eftects of lime upon the 
organic constituents of the soil are as important, if not even 
more important than upon the inorganic constituents ; for 
it occasions the decomposition of the organic matters, and 
thus gives rise to the formation of carbonic and nitric acids 
and ammonia, and at the same time liberates the saline 
constituents of former vegetation, in states of combination 
well fitted for assimilation by the growing crop. 

In the application of lime to the soil it is important that 
planters should bear in mind the following principles : 

First, As lime promotes the decomposition of the organic 
matters, they must be carefully supplied to the land under 
cultivation, yearly, for if they be not, then the land will be 
exhausted more rapidly than if no lime had been applied. 

Second, As the organic matter of the soil is decomposed 
by the simultaneous action of the lime, atmospheric air and 
moisture, and as the formation of the nitric acid and am- 
monia takes place at the expense, in part, of the nitro- 
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gen of the atmosphere, it is not necessary to add immense 
quantities of lime to the soil ; it is not necessary to in- 
corporate the lime with the soil to a great depth. It would 
be best to make yearly applications, and apply the lime near 
the surface. 

Third, Lime in the caustic state (quick lime from the 
kiln) acts more rapidly upon the organic matters than the 
carbonate of lime, which is the form in which it invariably 
exists in nature, hence quick lime may be employed in 
much smaller quantities than marl or shell limestone in its 
natural state; hence quicklime should not be added to the 
manure pile, while marl and shell limestone may in many 
cases be mixed, with beneficial effects, directly with the 
cow-pen and stable manure ; and hence the effects of marl 
and shell limestone in their natural conditions upon vege- 
tation are slower than that of quick lime. 

Fourth : Without a sufficient supply of lime to the soil 
we can never obtain the full effects of manures. 

A still farther examination of the chemical constitution 

of the soils of various countries establishes the following 

proposition : 

(f ) Soils differ greatly in the proportion of PhosphMe of Lime 
and of Phosphoric Add^ both in their ruiturai a/nd in their 
cvlti/oated states. 

In the majority of the analyses of American soils. Phos- 
phate of Lime and Phosphorie Acid has not been separated, 
and in those in which its presence has been indicated it has 
been in most cases represented simply as a trace. 

In almost every American soil yet examined. Phosphate 
of Lime and Phosphoric Acid are deficient. 

Phosphate of Lime and Phosphoric Acid enter into the 
constitution of all plants and animals, and is absolutely 
essential to their development and perfection. 

Careful experiments in Europe and in this country dem- 
onstrate that the Phosphate of Lime is a valuable fertilizer 
to all lands. The fertility of the lands of England are due 
in great measure to the extensive employment of marls, 
rich in the Phosphate of lime ; and the most wonderful 
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effects have been produced upon the exhausted lands of 
Maryland and Virginia, by the application of marl contain- 
ing, if not as great an amount of Phosphate of Lime as 
those of England, still a quantity greater than that contain- 
ed in a liberal application of the best Phosphatic Guanos. 

If we institute a comparison between the amounts of 
Phosphate of Lime contained in the soils of Europe and 
America with the amounts of this substance existing in the 
various marls and shell limestone of Georgia, we will be 
convinced of the great value of these native deposits. 

Wo will consider the value of Phosphate of Lime more 
fully under the following division of our subject: 



CHAPTER VII. 



RELATIOIIS OF THE SHELL LIMESTONE 



AND MARIiS OF GEORGIA, 



TO PLANTS AND ANIMALS. 



CHAPTER VIL 



Relations iif the Shell LimeatoTie and Marls of 
(j-eorgia to Plants and Animals. 

Lime is indispeDsable to the healthy constitution of 
plants and animals. 

This proposition will be conclusively demonstrated by the 
following tables, which will prove of great value to the 
planter, not merely in their present use, but also as afford- 
ing important information upon the constitution of the ashes 
of various plants and animals. 

Table 81 — Showing the proportions of Phosphate of Lime, 
Phosphate of Magnesia, Carbonate of Lime and Carbonate 
of Magnesia in various vegetable and animal structures. 
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ANALYSES OF THE ASH OF COTTON, WOOL AND COTTON SEED.* 

Wool. Seed. 

Carbonate of Potassa. (with possible traces of Soda) 44. 19 

Phosphate of Lime, with traces of Magnesia 25.44 61.64 

Carbonate of Lime 8.85 0.41 

Carbonate of Magnesia 6.87 0.26 

Silica : 4.12 1.74 

Alumina, (probably accidental) 1.40 

Sulphate of Potassa 2.70 2.55 

Chloride of Potassium 25 

Chlorides of Potassium, Magnesium, Sulphate of Lime, Phosphate 

of Potassa, Oxide of Lime in minute traces, and loss 6.43 

Phosphate of Potassa, (with traces of Soda) 31 .51 

Carbonate of Potassa, Sulphates of Lime and Magnesia, Alumina and 

Oxides of Iron and Manganese in traces 1.64 

Or the composition may be expressed thus : 

Phosphoric Acid 1.12.30 45.35 

Lime 17.05 29.79 

Magnesia 3.26 

Potassa..-. 31.09 19.40 

Sulphuric Acid 1.22 1.16 

From these data Prof. Shepard calculates that for every 
10,000 lbs. of Cotton Wool, about 60 lbs. of saline matter 
would be abstracted, having the following constitution : 

Potassa, - -31 pounds. 

Lime, - - 17 " 

Magnesia, 3" 

Phosphoric Acid, 12 " 

Sulphuric Acid, 1 " 

ANALYSIS OP A COTTON STALK — BY J. LAWRENCE SMITH, M. D. 

The ashes of a healthy cotton-stalk, six feet high, and an 
inch in diameter, at the largest part, with some leaves and 
empty pods, consists of, in lOO parts : 

Lime, - - . - 30.3 

Potash, - . - . 24.3 

Phosphoric Acid, - - - 9.1 

Magnesia, - - - - 5.8 

Oxide of Iron, ... 0-4 

Sulphuric Acid, - - - 1.3 ' 

Chlorine, - - - - 0.8 

Carbonic Acid, - - - 27.0 

Band, .... 0.5 

ANALYSIS OP THE FIBRE OF SEA ISLAND COTTON, BY DR. URE. 

Carbonate of Potash, - - 44.8 

Chloride of Potassium, • - 9.9 

Sulphate of Potassa, - - 9.3 

Phosphate of Lime, - - 9.0 

Carbonate of Lime, - - 10.6 

Phosphate of Magnesia, - - 8.4 

Peroxide of ton, - - - 3.0 

Alumina, a trace, and loss, - 5.0 
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Table 34, — Proportion of Sulnhor and Phosphorous in Plants and 
Grain, according to H. C. Sorby. Liebig and Koppe, A. R P. of C. 
vol. 2. p. 128. Sulphur and Phoapborous in 100 parts of subatancea, 
dried at 212". 
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Table 35. — Ash of Yolk and Wbiie of Hen's Eg( 





Albumen. 


Yolk, 




No. 1 


No. 2 


No. 1 


No. 2 




41.29 
9.16 

23.04 
2.36 
1.74 


42.17 
14.07 
16.09 
1.16 
2.79 
3.17 
0.56 

3.79 
11.52 


V.i2 

8.93 
12.21 

2.07 
1.45 

5,72 
63.81 

0.55 
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Sulphuric Acid 
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TABLE 36. — A8HBS OF MAS AND OTHER AKIMAL8 — VEEDEIL.* 



Table 37 — Composition of the Blood of Man and Animals 
in Dormal condition, in 100 parts, according to Poggiale,* 
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Table 38. — Ash of Blood, according to Henneberg, lOO parte eoutoio. 
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The results embodied in tlieae tables, not only sustain 
the proposition that lime is indispensable to all higlily 
organized plants and animals, but they also establish nume- 
rous conclusions and principles of the greatest value to the 
agriculturist. We shall at present notice only those which 
have an immediate connexion with the commercial and agri- 
cultural relations of the tertiary lime formation of Georgia. 

(a). The proportion of lime varies in different plants and 
animals. 

(b). The proportion of lime varies in different parts of 
the same plant or animal. 

It follows from these two propositions : First, different 
crops abstract different quantities of hme from the soil, and 
if these crops be sent off the plantation, the loss of lime to 
the place will depend not merely upon the amount, but 
also upon the character of the produce. 

Second, if animals be raised for market, tlie amount of 
lime abstracted from the soil through the vegetable king- 
dom, will depend upon the mode in which they are pre- 
pared for the market. If they be driven off in the living 
condition, all the lime which they have abstracted from the 
soil will he lost to the place. If they be killed upon the 
place, quite a large proportion of the valuable salts which 
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they have abstracted from the soil will be restored in the 
form of blood. If they be consumed upon the place, the 
greatest proportion of the lime which they have abstracted 
from the soil wilj be found in the bones. 

Third, as animals, whether carnivorous, herbivorous, or 
graminivorous, subsist ultimately upon the vegetable king- 
dom ; and as the salts which they derive from the soil 
through the vegetable kingdom, are thrown off in the urine 
and faeces, it is evident that the lime will be transported in 
the bodies of the animals from one part of the place to the 
other, and will accumulate principally at the stables, cow- 
pens, and the habitations of man. 

(c). The proportion of phosphoric acid and of phosphate 
of lime, varies in different plants and animals, and also 
varies in different parts of the same plant or animal ; and 
hence different crops and animals abstract different quanti- 
ties of phosphorous and phosphate of lime from the soil. 

{d). Lime and phosphoric acid, although entering largely 
into the composition of plants and animals, are by no means 
the only inorganic elements necessary for the development 
and preservation of the animal and vegetable kingdoms. 
The salts of 3oda, potassa, magnesia and iron are equally 
essential to the perfection of plants and animals, and, as in 
the case of lime and phosphoric acid, they vary in amount 
in different plants and animals, and in different parts of the 
same plant or animal ; and hence different crops and ani- 
mals abstract different quantities of these salts from the soil. 

{e). The quantity and character of the inorganic salts, 
although varying within certain limits, are still remarkably 
uniform in the same class of plants and animals. We have 
selected in these tables, to demonstrate this important agri- 
cultural fact (that each class of plants and animals must 
have a definite amount of inorganic salts of a definite con- 
stitution), numerous analyses of the same plant by different 
observers. 

It follows from this that the farmer can calculate not 
only the amounts, but also the character of the salts annu- 
ally removed from his lands. 
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Thus in the following crops tlie amounts of ash in the 
right hand column would be removed from each acre pro- 
ducing the amount of produce to the acre, assumed in the 
table : 

Table 40. 



Weight of crop 
acre in lbs. 



Asgath- Dried &t 
ered. 212* 



Indiaa Cum — Ora 



Ashes per 
acre in Ihi^. 



Stalks, leaves and fod- 



Wheat — Grain .... 

Straw 

Rye — Grain 

Straw 

Oats — Grain 

■ " Straw 

Tobacoo — Leaves. . 
Stalks... 
Red Clover— Hay . 
Timothy — Hay, . , . 
Potatoes — Tubers.. . 
Tops 



Table 41. — Table illustratingthe proportions of the various 
inorganic matters, abstracted from the soil by 1,000 
pounds of various kinds of produce. 





1 


1 


j 


1 


i 


fl 


fl 


pSj 


lJLLI 


«.,M„J=;::-;:.::::::::::::: 
Ajb of oitd-orain. ..'.■.■.'.■.■■.!:;::;::::;: 

^.^ofRi'e-^SZ\V^\\\\\\['.'.'.'.'^'.'.'.'.'. 

A-hc^B^:,^^;;;;:::::::::::::::::; 


1 


f. 
1 


1 


I'.ii 


i| 


Pi 


.... ■ ', .. ■■;';^ 


■' ,vrti,jiJ"^" ''- ' 






■£ 








Alb of Tim^^-aodta 








»K««i:;::::::::;:.:::::;;:::::":::ii:.. 




SS--:\- : 




-■■•:■■;,, ■• :slilil 


InilmOon. 


-'.l.':"':SiU. ■ ■ ..'".MiilH" 



146 lertiary Lime Formation 

These tables illustrate in a forcible manner, the exhaust- 
ing effects of crops, and demonstrate that, whenever the 
vegetation in any form whatever, as grain, or hay, or fruit, 

or timber, is removed from the soil the land is gradually 
impoverished, by the removal of those salts which are ne- 
cessary to the fertility of the soil. 

The great question with the planter is, how can this drain 
be stopped, and from whence can materials be obtained 
which will restore to the soil these salts which are carried 
off in every pound of cotton, and corn and beef. 

The preservation of the soil permanently in a state of the 
highest fertility, is the great problem to be settled by the 
Southern Agriculturist. 

Up to the present time, the Planters of Georgia have at- 
tempted no solution of the problem, but have cleared tract 
after tract of virgin soil, abandoned the worn out lands as 
soon as they proved unprofitable, and pursued their course 
of reckless devastation and exhaustion of one of the finest 
countries in the world, until nothing but furrowed, washed 
gullied and barren red clay hills, and barren sandy plains 
are left to the present generation. 

The great question of the regeneration of the worn out 
lands will find its solution in the proper use of the Tertiary 
Lime formation of Georgia, and of the natural sources of 
organic matters so abundant in our State. 

If we institute a comparison between the amounts of 
Lime and Phosphoric Acid abstracted by the various crops 
from each acre of land and the amounts of lime and of 
Phosphoric Acid contained in a moderate application of the 
marls and shell limestones of Georgia, we will find that a 
single application is capable of supplying Lime and Phos- 
phoric Acid equal to the amount removed by the most pro- 
ductive crops of cotton, corn, wheat, rye, oats, potatoes, 
beans and peas for more than one hundred years. 

This demonstration of the value of the marls and shell 
limestone of Georgia should, we think, lead to their imme- 
diate and extensive employment. 
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We do not for oue moment contend that the Tertiary 
Lime formation of Georgia contains all the ingredients 
necessary for the entire restoration and preservation of the 
fertility of the soil. 

Whilst Lime should in Georgia, as it does in England, 
and in every well cultivated country in the world, form the 
basis of all permanent agricultural improvement and of all 
husbandry, still it represents only one class of the salts 
needec! by plants and animals, and if, therefore, it be ex- 
clusively relied upon disappointment will surely follow, 
sooner or later. 

This leads us to the consideration of the following well 
established proposition : 

The absence from the soil of any one of the oonstituents 
of the Ash of Plcmts^ wiU prove adverse to vegetation. 

The Prince of Salm-Horstmar performed a series of 
careful synthetic experiments to determine which of the 
ash constituents are necessary to the growth of plants. He 
chose for his experiment the oat plant, sowed the grains in 
an artificial soil of ignited sugar-charcoal, watered it with 
distilled water, and supplied the ash constituents by means 
of the following preparations, which were partly dissolved 
in the water and partly incorporated in the sugar-charcoal : 
Silicate of Potassa and Soda, Carbonate, Phosphate and 
Sulphate of Lime, the Salts of Magnesia, Sesquioxide of 
Iron, containing Protoxide, with and without Manganese, 
Sulphate of Protoxide of Iron, Carbonate of Manganese, 
Carbonate of Ammonia, Nitrate of Lime, Magnesia, and 
Ammonia. By modifying the experiment in various ways, 
omitting one, and sometimes all of these preparations — 
adding them at one time in increasing proportions, and at 
other times in decreasing quantities, and in each instance 
accurately observing the growth, appearance and character 
of the plants thus cultivated, Salm-Horstmar arrived at the 
following results: without the addition of any of the above 
mentioned Salts the plants remained dwarfish, but without 
any abnormal development. For the, successful growth of 
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plants Nitrogen (Ammonia) and the vegetable Ash, con- 
stituents must be added at the same time. Absence of the 
one, especially of the latter, enfeebles the action of the lat 
ter. In the absence of Phosphoric Acid, Sulphuric Acid, 
Potassa, Lime, Iron and Manganese, the plants in every in- 
stance, attained an abnormal growth, were feeble and of 
unnatural softness, and rapidly faded away; they were par- 
ticularly weak when no Silicic Acid and Magnesia were 
present. Iron acted most surprisingly upon the luxurious 
and vigorous appearance, especially in regard to the color, 
strength of stem and roundness ; but when an excess was 
added it produced dry spots on the plants. Too large a 
proportion of Manganese caused the leaves to curl up in a 
peculiar manner. Without weakening the plants, neither 
the Potassa could be replaced by Soda, nor the Lime by 
Magnesia. 

In the whole of these experiments the plants were placed 
in abnormal circumstances, and only in one single instance 
(and in that only a single grain was produced) did they 
yield corn. 

It is evident, therefore, that my duties as Chemist to the 
Cotton Planters' Convention do not end with the develop- 
ment of the inexhaustible stores of fertility in the Tertiary 
Lime formations of Georgia — other sources of fertility sup- 
plying the salts wanting in the Marls and Shell Limestone 
of Georgia must be supplied. 

Before, however, we proceed to present the results of our 
investigations upon other sources of fertility, we desire to 
substantiate our statements, by the results of the experience 
of others, for enlightened' experience is the great exciter 
and leader of intelligent action. The list of authorities 
might be greatly extended, but we believe that these will 
serve our present purpose. 



oh:a.i»ter VIII. 



miCIEIIT AND MODERN TESTIMONY 



TO THE 



VALVE OF LME m AGRICULTURE 



CHAPTER Vin. 



Ancient and Modern Testimony to the value of Lime in Agri- 
culture. 

In China, the country which probably more than any 
other country, owes its internal wealth and extensive popu- 
lation to thrifty and skillful agriculture, the beneficial effects 
of Lime have been known from ancient times. 

In this country, where every practicable spot is under a 
high state of cultivation, and where two, three and four 
crops are obtained in the year from the same ground, not 
only is manure of every kind carefully preserved and ap- 
plied to the land, but is also extensively mixed with pound- 
ed shells, and hundreds of boats are employed in dredging 
for Fossil Shells in the beds of these rivers, to supply the 
wants of agriculturists. 

The following quotations from the great work of the 
learned Pliny,* published A. D. 77, will show that the 
ancients were acquainted with the use of marl long before 
the Christian era : 

^^ There is another mothod which has been invented, both in Gaul and Britain, 
of enriching earth by the agency of itself, being that kind known as marl. This 
soil is looked upon as containing a greater amount of fecandating principles, and 
acts as a fat in relation to the earth, just as we find glands existing in the body, 
which are formed by a condensation of the fatty particles in so many kernels. 
This mode of proceeding, too, has not been overlooked by the Greeks ; indeed, 
what subject is there that they have not touched upon ? They call by the name 
of leucargillon a white argillaceous earth, which is used in the territory of Me- 
gara, but only where the soil is of a moist, cold nature. It is only right that I 

=* The Natural History of Pliny, translated with copious notes and illustra- 
tions, by the late John Bostock, M. D. F. R. S., and H. T Riley, Esq., B. A., 
London. H. G. Bohn, 1855, vol. iii, Book zvii, chap. 4, pp. 452 — 455. 
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should employ some degree of care and exactness in treating of this marl, which 
tends so greatly to enrich the soil of the Gallic provinces and the British Isl- 
ands. There were formerly but two varieties known, but more recently with 
the progress of agricultural knowledge, several others have begun to be employ- 
ed ; there being, in fact, the white, the red, the columbine, the argillaceous, the 
tufaceous, and the sandy marls. It has also one of these two peculiarities : it is 
either rough or greasy to the touch ; the proper mode of testing it being by the 
hand. Its uses too are of d. two-fold nature — it is employed for the production 
of the cereals only, or else for the enrichment of pasture land as well. The tufa- 
ceous kind is nutrimentai to grain, and so is the white; if found in the vicinity 
of springs, it is fertile to an immeasurable extent ; but if it is rough to the 
touch, when laid upon the hand in too large a- quantity, it is apt to burn the soil. 
The next kind is the red marl, known as acaunumarga, consisting of stones, 
mingled with a thin sandy earth. These stones are broken upon the land itself, 
and it is with considerable difficulty during the earlier years that the stalk of 
corn is cut, in consequence of the presence of these stones ; however, as it is 
remarkably light, it only costs for carriage one-half of the outlay required in 
using the other varieties. It is laid very thinly on the surface, and it i« gener- 
ally thought that it is mixed with salt. Both of these varieties, when once laid 
on the land, will fertilize it for fifty years, whether tor grain or for hay. 

Of the maris that are found to be of an unctuous nature, the best is the white. 
There are several varieties of it; the most pungent and biting being the one 
already mentioned. Another kind is the white chalk that is used in cleaning 
silver ; it is taken from a considerable depth in the ground, the pits baing sunk 
in most instances as much as one hundred feet. These pits are narrow at the 
mouth, but the shafts enlarge very considerably in the interior, as is the case in 
mines ; it is in Britain more particularly that this chalk is employed. The good 
effects are found to last full eighty years ; and there is no instance known of an 
agriculturist laying it twice on the same land during his life. A third variety 
of white marl is known as glisomarga ; it consists of tuliers chalk, mixed with 
an unctuous earth, and it is better for promoting the growth of hay than grain; 
so much so, in fact, that between harvest and the ensuing seed time there is cut 
a most abundant crop of grass While the corn is growing, however, it will 
allow no other plant to grow there. Its effects will last so long as thirty years ; 
but if laid too thickly on the ground, it is apt to choke up the soil, just as if it 
had been covered with Signine cement. The Gauls give to the Columbine marl 
in their language the name eglecopala ; it is taken up in solid blocks like stone, 
after which it is so loosened by the action of the sun and frost, as to split into 
laminae of extreme thinness ; this kind is equally beneficial for grass and grain. 
The sandy marl is employed if there is no other at hand, and on moist slimy soils, 
even when other kinds can be procured. 

The Ubii are the only people that we know of who, having an extremely fertile 
soil to cultivate, employ methods of enriching it : wherever the land may happen 
to be, they dig to a depth of three feet, and, taking up the earth, cover the soil 
with it in other places a foot in thickness ; this method, however, to be benefi- 
cial, requires to be renewed at the end of every ten years. The iEdui and the 
Pictones have rendered their lands remarkably fertile by the aid of limestone, 
which is also found to be particularly beneficial to the olive and the vine. 

Kvery marl, however, requires to be laid on the land immediately after plough- 
ing, in order that the soil may at once imbibe its properties ; while at the same 
time it requires a little manure as well, as it is apt, at first, to be of too acrid a 
nature, at least when it is not pasture land that it is laid upon ; in addition to 
which, by its very freshness, it may possibly injure the soil, whatever the nature 
of it may be ; so much so, indeed, that the land is never fertile the first year after 
it has been employed. 

It is a matter of consideration also for what kind of soil the marl is required ; 
if the soi is moist, a dry marl is best suited for it ; and if drv, a rich unctuous 
marl. If, on the other hand, the land is of a medium quality, chalk or colum- 
bine marl is the best suited for it." 
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Dr. Morton,* in his valuable work upon the Nature and 
Properties of Soils, thus testifies to the part which lime has 
played in British husbandry : 

'^ Lime has long been applied by British husbandmen as a stimulus to the soil; 
and in consequence of such an application, luxuriant crops have been produced, 
even upon soils of apparently inferior quality, and which would have yielded 
crops of trifling value, had this auxiliary been withheld. 

In fact, the majority of soils cannot be cultivated with advantage until they 
are dressed with lime ; and whether considered as an antidote, or a stimulant, 
or as a manure, it will be found to-be the basis of good husbandry, and of more 
use than all other manures put together. 

Wherever lime has been properly applied, It has constantly been found to 
prove as much superior to dung, as dung is to the rakings of the woods, or the 
produce of a peat mire.'' 

The following is the testimony of Mr. Edmund lluffin, of 
Virginia, whose agricultural writings have accomplished 
incalculable benefits to his native State, in leading to the 
intelligent and extensive use of calcareous manures. In his 
able " report of the commencement and progress of the 
agricultural survey of South Carolina," Mr. Ruffin thus tes- 
tifies to the results achieved by marling : 

" The benefit, or increased product of crops, to be expected from proper appli- 
cations of marl, if estimated by the numerous and known and unquestioned facts 
of results in Virginia, may be expected to range (according as circumstances 
may be more or less favorable to the action) , from 20 to 50 per cent, increase on 
the first crop ; and to increase thereafter in each successive crop, until a per- 
manent maximum product is reached of 100 to 300 per cent, upon the product 
previous to marling. And the increased products would be much larger at first, 
and also in after time (as is the case in Virginia,) but for the general plan of 
continual and exhausting tillage in South Carolina. The improvement is per- 
manent, so made. Whatever is thus gained, will never be lost under a proper 
course of culture, and that not required to be more mild than due considerations 
of profit ought to dictate under any circumstances. And though additional 
dressings of marl or lime will be needed in after time, it will not be because any 
of the early effect of the prior application has been lost, or is even diminished, 
but because another and new increase of production may be then added to the 
first. 

But all my arguments for and exhortations to commence and prosecute heart- 
ily this greatest and most profitable mode of fertilization, avail nothing as yet 
in the minds of most persons, because of their unbelief of the promised effects as 
to their own lands and to South Carolina. And this is not merely the resuU o f 
ignorance on the subject (which always is incredulous,) but has better or more 
plausible grounds, in the facts that most of the few trials of marl which have 
been made in the State, have been reported to produce either very little effect 
the first year, or none at all. Perhaps it made acquainted with all the facts and 
circumstances of each such case of reported failure, partial or total, I might be 
able to explain the causes. But though I have done this, and even to the satis- 
faction of the unsuccessful and before despairing experimenter, in many parti- 
cular cases, it is obvious that all the facts cannot be generally obtained ; and if 
they were, that this report cannot offer a place for such extended comments on 
such trivial matters. But it is not necessary for me to contest any such asserted 
failures. I may go farther, and admit (as is believed, indeed, to be the fact,) 

* Morton on the Nature and Properti^ of Soils, London, 1838, p. 182. 
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that before the beginning of 1843 there was but one person in theStAte who had 
found enough benefit in bis first year's marling to proceed forthwith boldlj and 
with increased confidence, zeal and energy on the second year. And this dis- 
tinguished exception of very large operations (Gov. Hammond^s, now extended 
to 1*200 acres,) commenced no farther back than for the crop of 1842 ; and the 
increased products, even in this case, though fully satisfactory to the proprietor, 
were not half equal to what would have been realized on land in proper condi- 
tion to receive calcareous manures. 

Further, of the numerous experiments made this year, after the commence- 
ment of my duties, and in consequence of them, of the greater number whose 
results I have heard, the benefits have been either very small, or, as reported in 
some cases, not even perceptible. Can the opponents of marling desire more 
full admissions than these ? And yet tliey all serve but to illustrate what I 
have continually striven to impress, that without vegetable matter to combine 
with, calcareous manures will be of but little value. 

But, on the other hand, I have heard of no trial of marl on land in proper con- 
dition, that is recently and sufficiently rested, and thereby provided with vege- 
table matter, in which the effect has not been very great in the first crop. And 
three or four such results only would be enough to prevent all inferences unfa- 
vorable to marling, if from a hundred failures of early effort under reverse cir- 
cumstances. I will cite a few of such experiments. • t 

John A. Ramsey, Esq., on Ashley river, like many other persons, has this year . ■ 
marled land long under incessant annual tillage, and with but little bene.^t tS^.., 
this year's crop. But he also tried a marked space on land recez^tly cletfkvd,!^' ^ 
and which had produced but one crop, in 1842. The marling was top light . *"^ 
Still he believed the increase on the marled space to be at least 1 00 per cent; 
and so it appeared to me, when seeing the land as late as November sihth, long 
alter all the cotton had been gathered and the stalks dead. The other result is 
even more striking, because more accurately observed. 

Henry Davis, Esq., on Peedee, applied last spring to a marled acre, al8044p( . 
new ground of the second year, 300 bushels of marl containing 60 per cent. ob''# 
carbonate of lime. At my request, he carefully weighed the product separately, 
and also that of an adjoining acre, equal to the other but for the difference of 
marling. The season was very unfavorable and the whole crop of cotton bud. 
The product of the marled acre was 592 lbs. of seed cotton, and of the unmarled 
336 lbs. These rates of increase are such as 1 have been accustomed to obtain 
on lands having sufficient previous rest, and receiving for manure all their * 
growth, and that only while at rest. The application of marl or lime to alluTial 
rice lands, I had early and earnestly recommended, though on theoretical 
grounds alone, having then no knowledge of any actual application. 

J. M. Dwi^ht, Esq., upon that advice, applied marl last spring to a small 
marked portion of his newly embanked rice ground on Ashley river. In addi- .. 
tion to hearing the remarkable benefit stated by several persons, I recently saw 
the remaining stubble of the crop. Never was superiority of growth more mani- 
fest But it should be admitted that the great benefit of this marling seemed to 
consist in resisting the evil action of salt in the land which greatly injured, and 
in parts totally destroyed the rice elsewhere. Previously, I had gathered infor- 
mation of several different applications of lime to rice lands; one only recently, 
which produced great effect on the first crop — and the other applications of 
ancient date, some of them made by accident ; but all producing good and long 
continued effects. Col. Pinckney AUston told me of two spots in rice fields near 
Georgetown, on which the lime used for indigo oats had been thrown (as w.i8 
inferred,) on which he has always seen a remarkable superiority in the growth 
of rice, and which continues undiminished. As indigo culture ceased on these 
lands at least 60 years ago, this chunee-made liming must be at least 60 years 
old ; and probably the land has produced a rice crop every year since, ana cer- 
tainly without any other manure. 

When estimating the profits of application of putrescent manures of very quick 
and transitory effect (as cotton seed, for example,) the increased and early pro- 
ducts ought to return both the principal and interest of the outlay, as well as a 
fair profit thereon, or the planter will have gained nothing by the investment or 
application. But in calculating the profits of marling and liming, the increased 
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for the purpose of presenting the fullest proof, in facts and 
derived from the experience of practical men, of the operation 
;ts of marl, I published sundry circular queries, and also directed 
ecially to many known individujils- The general and blamcable 
ss in this respect which marks the -whole agricultural class, and 
llingness to write any facts for publication, prevented my ob- 
inswers from more, including myself as one of the number, than 
ng fanners. Than these, no others, would have been better wit- 
r their respectability, and their opportunities of judj^'Ing, so far 
experience and observations evtendcd back. But there were 
ly others who failed to answer, who had either longer or larger 
CO of marling, or who had obtained more important bcnelits 
J, than the greater number whose answers were given, and 
iswcrs, even if standing alone, offer such full and concluFive 
the certain eflects and great profits of marling. 
uch more extended answers of these twenty two individuals, as 
e published in the Farmer's Register, for the more important 
their tcstimonv. will be here condensed in the following tabular 
ifhich some general statements and remarks will be added. The 
!t blank in the table, were either not answered at all. because of 
ity, or so generally, and in such extended terms a? not to permit 
lught into this congested and concise form. 
roper to stale, in advance, that though the ?y.-tcm of cropping- 
' all these lands before marling was more or le>s exhausting, still 
3me degree of rest from tillage crojjs. was universal. And that 
line, as required by the known i.cce.-iity forcuch procedure, the 
' onlture was always made more lenient, and grazing was gener- 
idden, in part, or wholly, during the intctvening years of rest 
>piDg. The most general rotation of the country, and of most 
persons, previous to marling, was the "IhreeshilV with grazing : 
rst year. Corn ; second, Oats, or W'hcat in part, where the land 
00 poor for either, and grazing after harvest ; and third, close 
3f the natural growth of gratis and weeds. This exhausting 
was generally and immediately changed after marling, by the 
ohibition of grazing : and afterwards partially or wholly, by 
Jlover as a manure crop, in the year oi rest. In a few other 
r milder four-shift rotation was used, \ihich merely had another 
;st added to the above ; and in fewer cases, and but in part, this 
ir-shifl, in which a second crop of AVheat was tnken, instead of 
dyear of rest and Clover, or three grain crops and one of Clover. 
jrain crops and one of Clover {as manure) in lour years. 
lid also be stated, that it was an error Avith most of these per- . 
vith most others, to marl too heavily. {Some of them, in this 
njured more or less land, perhaps alfin Prince Georg6 Countv. 
prallj' more nett profit would have been derived from lighter 
>tis. 

:: The woodland remaining to be cleared, and such as was by 
rings added to these farms was nearly all poor, and if not 
ftcr a few crops being taken, would have been poorer than the 
average of older land. And for this reason, very few, if any, 
w clearings taken throug'hout, would have served without be- 
d, to increase the former general average product per acre. 
id Wheat have been the sole great market crops of these lands, 
xception of Cotton for a few years only, and which crop is now 
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prodacts being permanent, the average annual returns should be counted, but 
as the interest and profit of the principal thus permanently invested. Hence, 
while cotton seed as manure (supposed not generally to act longer than the 
first year,) to be really profitable, ought to yield, in the first crop, at least 110 
or 120 per cent, on the total cost of the manuring, and stable manure at least 70 
per cent., a greater profit would be reaped from marl or lime, were the first or 
even the average annual increased nett products only 12 or 15 per cent- on the 
first total cp8t. And when instead of such small increase there is found, as most 
commonly after a few years, a permanent increase of 100 or 200 per cent, on the 
previous product, and perhaps 50 or 100 per cent, on the entire cost of the man- 
uring, the superiority of returns over those of all putrescent and transient 
manures, used alone, is so great as almost to forbid comparison. Considering, 
then, the increased nett and average annual products from marling and liming, 
as permanent interest or profit upon the cost of the manuring (if accomplished 
by acourse of judicious general culture and management,) it is for each planter 
to estimate and compare his probable returns with the necessary expense of his 
particular outlay. The gross returns from the application of calcareous manures 
may not vary greatly, and, indeed, will be very regular and uniform under equal 
circumstances- But the expenses will be very different, according to the differ- 
ence of easy or difficult access to the manure. Very many planters in this State, 
and upon a very extended field of operations, may marl so cheaply that their 
clear profits therefrom may be more than 100 per cent, per annum on the outlay 
jfor all future time. And if content with as little as 12 per cent, of permanent 
nett annual interest (which is, perhaps, double the interest of their agricultural 
capital in general,) there are very few planters in South Carolina so remote from 
marl or lime, that they may not resort to this mode of improvement." — Report of 
the Agricultural Survey of South Carolina, by Edmund Ruffin, 1843, pp. 54-56. 

Statementft of the most extensive (and also continuing) Marling operations in South 
Carolina^ by John S- Palmer and Gov. J. S- Hammond, of South Carolina. 
From the Southern Agriculturist. 

TO THE AGRICULTURAL SOCIETY OP ST. JOHNS BERKLEY. 

Gentlemen : I have been urged by Mr. Ruffin, who lately visited our neigh- 
borhood, to lay before you the result of our experiments and progress in the use 
of Marl. 

It may not be in our power to submit such exact statements as would be de- 
sirable on a subject of so much importance, yet, if we can show you that so far 
as we have tried the system, it is not only practicable, but highly satisfactory, 
we trust it will be an inducement to many who are now hesitating, to commence 
forthwith, and satisfy themselves by actuBl experiment. 

Dr. Robert Gourdin (whose plantation at Lenud's Ferry, lies partly in George- 
ton and partly in Williamsburgh District.) has been good enough to furnish me 
with the following statement : A field of 50 acres of fiat sour pine land, which 
had been belted in 1838, and roughly listed is 1839, was prepared for planting in 
1840, by changing the course of the beds across. Upon this new list, he brought 
Marl one mile and a half, and applied it at the rate of one hundred bushels to 
the acre — excepting siXi acres running the whole length of the field, one half an 
acre in width. No memorandum was kept this year of the field and no difference 
was perceptible in the growth or product of the cotton. In 1841, it was 
again planted in cotton. Throughout the whole of the season the marled looked 
decidedly superior to the unmarled. An accurate account was kept of the re- 
spective portions of the field. 

The marled produced an average of one hundred and twenty-eight pounds of 
clean cotton to the acre, the unmarled but sixty-three. In 1842. no account was 
kept of the difference of product — but so manifest was the advantage of the 
marled over the unmarled, that it was a matter of serious regret that the actual 
difference could not have been ascertained. Dr. Gourdin has no doubt that the 
marled portion was considerable better than the year previous. 

He is so well convinced of the benefit to be derived from Marl that he has 
applied it to twenty acres more this year, and contemplates a more extensive 
use of it hereafter. 

My brother (Col. Samuel J. Palmer,) commenced in 1839 to marl — on a 
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field of 24 acres which had been cleared five years previous, and the preceedinf^ 
year had rested — after listing in the weeds, he applied Marl at the rate of 1 00 
bushels to the acre. One portion of the field was a flat whitish claj soil, the 
remainder what maj be termed a free, open soil, and more elevated. In 1836 
this field had been planted in cotton, and produced 140 pounds clean cotton to 
the acre. In 1837, in oats, which although not measured, yet the general ap- 
pearance of the crop did not promise exceeding 10 bushels to the acre. It was 
then thrown out to rest as before observed. The product of this field in 1839 
was 270 pounds clean cotton to the acre — and exceded the general average of the 
whole crop. In 1840 it was assisted with trash and leaves under the list. The 
June freshet destroyed the whole of the first planting — it was replanted on the 
15th of the same month ; no account was kept of its product this year ; but as • 
far as could be judged by the eye, it did as well as any other part of the field 
which had not been drowned. In 1841 it was again planted in cotton, and pro- 
duced 220 pounds to the acre. It was unquestionably the best field of cotton on 
the place. In 1842 it was planted in oats, eleven acres were reserved for 
seed, and yielded, when thrashed, upwards of twenty bushels to the acre. 
The color and character of the clay land which was marled has materially 
changed, and no one who remembers its appearance in 1 833 will doubt the effi- 
cacy of Marl. My brother has now one hundred and five acres marled, sixty of 
which was applied this year. 

I proceed now to give you the result of my own experience in the use of Marl, 
but regret that no account was ever kept of the difference between the products 
of the marled and unmarled fields. In September, 1838, I commenced digging 
it out. In two wet days, with all my hands employed, I had about 2500 bushels 
heaped ready to be hauled out the winter following. This, however, was the 
only occasion on which I got out the material before the carts were ready to 
take it to the field. 

It is a saving of time to apportion only so many diggers and loaders to each 
cart as will, taking into consideration the distance and roads to the field, keep 
the work steadily and regularly progressing- In 1839 I applied Marl on about 
50 acres of land, at various rates. From 80 to 100 bushels was the usual quan- 
tity, but in some spots as much as 150 bushels were tried. Thirty-six acres had 
been in cotton the year before and fourteen in oats- The marl on these 36 acres 
was applied under the list, and I could discover no advantage this year 
from it. The season was one of the most propitious for cotton, and as such will 
be long remembered throughout this country. The fourteen acres which had 
been in oats, and where the weeds and stubble had been listed the autumn pre- 
ceeding, showed an improvement the first year that the Marl was applied. It 
was land which must originally have been of the best quality, but had been 
sadly scourged by hard cropping before I got possession of the place. In 1840 
it was planted in oats, and exhibited a most striking contrast to the crop which 
was on it 1838. In 1841 it was again planted in cotton, and it was fifty per cent 
better than it ever was. The last year I planted it in oats, and on such parts 
where hitherto the crop would be supposed good for 10 to 15 bushels to the 
acre, I am confident from 20 to 25 bushels were made. The growth of crab 
grass and weeds which succeeded the oats induce me^to believe that this land 
will do better another year than a great deal of much fresher that has not yet 
had the benefit of the Marl. In 1842 the 36 acres which had not since 1839 ex- 
hibited any material change, was planted in cotton after oats. The crab grass 
was so fine that I was induced to cut a large quantity for fodder before it was 
listed. 

This field, from the lightness of the soil on some parts of it, I feared much 
would disappoint me in 1842, besides except the occasional rest it had when 
planted in oats, it had been in cultivation for seven years consecutively. On 
some of the thinest land compost manure from the cowpen was scattered, and if 
any doubt had existed previously of the capacity of Mar', to fix other manures 
in the soil, the growth and product of the cotton on these spots would have en- 
tirely dissipated them from my mind. On one half acre, selected on account of 
its unproductiveness previously, about 100 bushels had been applied in 1839, 
the quantity visibly mixed up with the sandy soil I apprehended would nave 
proven injurious, but the beautiful growth and early maturation of the cotton 
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on this spot last year, induces me to think we do not apply half enough in gen- 
eral to our land. 

Last year I applied from 120 to 200 bushels to the acre on all the land marled 
but being satisfied with the gradual, but certain improvement, which a moderate 
quantity will effect, I have the present season fixed as a rule, to give to every 
acre 120 bushels and no more. 

From the frequent interruptions from freshets, I have failed this year in marl- 
ing as much as I intended, and have in all now little more then 100 acres. If I 
had no other evidence of the good effect of calcaceous manures than what has 
been accidently furnished on my place, that alone would be conclusive. 

In clearing some fields six or seven years ago, I found some spots heavily coat- 
ed with lime, thrown out from the pits made no doubt forty or fifty years ago by 
the old indigo planters. 

I was not surprised at first to see the cotton or other crop growing luxuriously 
on these places, but up to the last season I cannot perceive any falling off in fer- 
tility. The long period which has elapsed since the lime was thrown out, must 
have given time to the soil to accumulate a large quantity of fertilizing matter 
and the probability is, that its character is permanently established. 

These facts are cheering, and we may flatter ourselves that a new era has 
commenced in the agricultural improvement of every section of State within 
the reach of Marl. In the course of a few years, we may look to see Marl made 
an article of natural commerce, and those who are now afraid to carry it 100 
yards upon their own soil may, 'when they shall have covered every foot of ara- 
ble land in their possession, be found supplying it at a profitable rate to their 
neighbors, five miles distant. It is to be hoped that a fair trial will be given to 
Marl by many of the members of this Association, and that our next meeting 
will furnish abvndant testimony from all quarters on this subject. 

N. 6. — The Marl used in our neighborhood contains from 90 to 95 per cent. 
Carbonate Lime, as ascertained by analysis. 

JOHN S. PALMER. 

[From the Farmers Register.] 

Columbia, S. 0. Nov. 30 1842. 

Dbar Sir. — It affords me great pleasure to comply with your request, to fur- 
nish you with a statement of my marling operations during the first year, and 
the result of them, so far as it has been ascertained. 

I commenced in November last to marl my plantation, at Silver Bluff, on 
Savannah river. There is no marl on my place. I procured it from Shell Bluff 
on the same river, and had to boat it twelve miles up the stream. It required 
eleven prime haL*ds to man the boat I used, and when the river is not too high 
they make two trips a week, loading and unloading themselves. They bring 
about eleven hundred bushels at a load. The Marl is landed at a spot below high 
water mark, and during the whole crop season two other hands and two carts 
are constantly engaged in hauling it to a place of security on the top of the 
bluff. At other times it is hauled directly from the landing to the fields. There 
are, however, thirteen hands and two mules lost to the crop. My boat which is 
a common pole boat, was built chiefly by my own people, and cost me about 
$600, including their la^or. There have been incidental expenses to the amount 
of about $200 this year. During the year, ending on the 8th of November, 
there were 85 trips made and about 93.000 bushels brought up. I think I can 
safely calculate on bringing up 100,000 bushels per annum hereafter with the 
same force I mention these facts that every one may form his own estimate of 
of the cost of procuring Marl under similar circumstances. My calculation is 
that it costs me about two cents a bushel delivered on my|bluff. 

To one having Marl on his own premises, nearly the whole of this expense 
would be saved. I am enabled by omitting to open new land, to haul out and 
spread this Marl without interferring with other plantation work or lessening the 
number of acres planted per hand. In hauling out I have not been able to do 
as much as they do in Virginia. Mr. Ruf&n, the author of the marling system, 
hauled 24 loads of five and- three-quarter bushels with each cart per day, a dis- 
tance of 847 yards ; I have done but little over half as well. I use mules, how- 
ever, and the land being level, carried six and-a-quarter bushels at a load — I 
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found the mules could not stand trotting back with the empty cart. The Marl 
weighs about one hundred and five pounds per bushels. Uj land was laid off 
in squares, so many to an acre, and a load dropped in each square. It was 
spread by hand, each negro taking his square, and carrying his Marl on a board 
or in a small tray. A prime hand can spread an acre in a day. But it is a hard 
task, and counting the gang round, I have not averaged over half an acre for 
each worker. The Marl spreads best when damp. It will then yield to the 
hand, and the lumps are; in general, easily crushed. 

Shell BluflF is a bold cliflF, on Savannah River, over two hundred feet high, 
and in some places more than one hundred feet perpendicular. Prof. Yanuxem, 
who examined it some years ago, (see Farmer's Register, vol. 7, p. 70, and also 
vol. 10, p. 487,) discovered fourteen varieties of Marl, varying in quality from 
37.2 to 93.4 per cent, of Carbonate of Lime. 

In using the Marl I have excluded the inferior as much as possible, and have 
not found the vrry best in any great quantity. I tested the quantity ot Carbon- 
ate ot Lime in one specimen taken at random from each boat load brought up 
this summer, and found the average of thirty-four loads to be 62.8 per cent., vary- 
ing from 51 to 77. In every specimen there was a small proportion of Oxide of 
Iron, and clay and sand, usually in about equal quantities. There were no 
doubt other component parts which I did not ascertain, but I satisfied myself 
that there was neither gypsum or Magnesia. The Marl presents various appear- 
ances, being in color, white, brown, olive, yellow and violet, and in consistence 
from sand to soft stone. Some of it appears to be a concretion of shells, from a 
size scarcely visible to the naked eye to an inch in diameter. There is no hard 
limestone, and it is doubtful whether any of the Marl here will make lime, though 
it is an excellent cement. Much of that which I have used has been cut from 
the cliff with pick axes. It falls down sometimes in fine grains, sometimes in 
masses- At every handling it breaks up finer and exposure to the air assists 
disintegration. I do not burn or pound it. Where it was spread last winter, an 
observer would readily discover it, and lumps as large as an egg, and occasion- 
ally much larger, are to be seen. A mere passer by, however, would not notice 
that the land had been marled. At every working it is more and more mixed 
with the soil. But I imagine it will be several years before it is completely com- 
bined with it, and until then the full effects of the Marl cannot be known. A 
difference was apparent in this crop, between the effects of that spread early in 
February and that spread in April. 

By the 22d of April last I had marled 175 acres, at the rate of two hundred 
bushels to the acre. Of these I planted fifty acres in corn on the 17th of March, 
fifty acres in cotton on the tenth of April, and 75 acres in cotton on the 22d of 
April- These three cuts are in the same field and adjoining, being separated only 
by turn-rows, yet the soil varies considerably. In the corn I laid off four separ- 
ate acres, along the turn-row, as nearly equal in quality as possible. The one 
supposed to be the best was left without marl. The others were marled with 
one, two and three hundred bushels respectively. It was all of the same boat 
load and contained 54 per cent, of Carbonate of Lime. This land has been in 
cultivation more than one hundred years. I have planted it myself eleven of the 
last twelve years, and sowed it in oats the other year. I have given it three 
light coats of manure, the last in 1839. It is a light gray sandy soil, of which 
the following was the analysis before marling, viz. : 

Water lost at three hundred degrees, 2 per cent. 

Vegetable Matter, 3 " " 

SiUca, 80 " •' 

Alumina, 11 " " 

Oxide of Iron, 2 " " 

Loss, 2 ** *' 

100 
This cut was in cotton last year, and my expectation was that with common 
seasons it ^ould produce twelve bushels of corn per acre ; and had I not kept 
the unmarled acres as a test, I should have set down all over that quanity to the 
credit of the marl. The corn came up badly and suffered from the birds. The 
four experimental acres were cultivated precisely as the rest of the cut, and were 
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distinguished onlj by the posts which marked the corner of each skere. From 
the first, however, the marled corn exhibited a different appearance. It was 
stouter and of much deeper color. As the season advanced the difference be- 
came greater. The marled corn was of as dark a green as swamp corn usually 
is. The fodder was pulled on the 3d of August, and after hanging two days 
and a half on the stalk, in dry and rather windy weather weighed as follows : 

Increase. Per Cent. 

Unmarled acre, 250 pounds. 

Marled at 100 bushels, 285 "- 35 pounds, 14. 

" " 200 '' 314 " 64 *' 25.6 

" " 300 " 261 " 11 " 4,4 

The corn was gathered on the 24th of October, being thoroughly dry and 
having shrunk as much as it would in the field. There appeared to be little or no 
difference in point of soundness- It was shucked clean and measured in a bar- 
rel. The unmarled corn shucked out two quarts less to the barrel than the 
marled. The following was the result : 

Increase. Per Cent. 

Unmarled acre, .* 1 7 bushels, 

Marled at 100 bushels 21 " 4. 23. 5 

•* "200 *' 21 " 4. 23-5 

** "300 " 18 1-2" 11-2 8.8 

From this it would appear that one hundred bushels of Marl as efiScacious as 
two hundred, and perhaps in like land such may be the fact. It appears also 
that three hundred bushels to the acre is too much. I ought, however, to state 
that this last acre had a slight sink in the centre, and that the slopes around it 
are much thinner than the average land. These constitute about one-fifth of 
the acre and were evidently injured by the Marl. It was a bad selection for the 
heaviest marling, but I did not suppose, judging by the rates at which they 
marled in Virginia, that three hundred bushels would injure any land. My fear 
now is that two hundred bushels may prove too much for soil like this, and I 
have accordingly determined to put only one hundred and fifty bushels on the 
acre hereafter, until I see its further effects. This has been a remarkably pro- 
ductive season for corn. I think the unmarled acre in the cut made at least five 
bushels more than it would have done in an average year. I presume the marled 
acres have done so likewise. But whether it would be fair to attribute any of 
the four bushels increase to the peculiarity of the season acting on the Marl, I 
am wholly unable to decide. Supposing the increase from the season to be the 
same on the marled and unmarled land, and deducting five bushels from the pro- 
duce of each acre, there will be 33 1-3 per cent, in favor of the two best marled 
acres. This, however, is all conjecture. The average per acre of this whole 
cut was eighteen bushels. The measurement of all but the experimental acres 
was made, however, by wagon loads, according to the usual plantation estimates, 
in which there is a liberal allowance for shrinking, &c. Had the whole been 
measured in the same manner as the experimental acres were, the produce would 
have appeared greater. I have had this cut planted in corn once before, but 
having been absent the "vfhole year, no account of it was preserved, and I do not 
know what it produced. 

I selected also and laid off separately four acres of cotton along the turn row 
of the 75 acre cut of cotton. At the time I thought them nearly equal in quality 
and the one supposed to be the besi was left unmarled, and one, two and three 
hundred bushels of Marl spread upon the other three. It turned out, however, 
that the acre with one hundred bushels was inferior to the average of the cut, 
and that with the two hundred bushels about equal to the average, while the 
other two were far superior. I was deceived by the stalks grown the year before. 
The two first named acres being somewhat rolling, and the year a wet one, they 
produced as good cotton as the other two which were flat. The unmarled acre 
was not much, if at all, superior to the one marled with three hundred bushels, 
save that there was a spot where the fodder stacks had stood in 1838-'39 which 
produced nearly double the cotton of any other spot of the same size in either 
acre, and added probably thirty pounds to the amount gathered firom that acre. 
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The Marl on these acres contaiaed. like that on the corn cut, an average of 54 
per cent, of Carbonate of Lime. This land is of the kind commonlj known as 
mulatto soil, and was cleared at least as early as the corn cut. It was certainly 
planted by the Indians in 1740. The following was the analysis of it before 
marling, for which, as well as for the analysis of the corn cut, I am indebted to 
the kindness of Prof. Ellet ; • 

Water at three hundred degrees, 3. 

Vegetable Matter, 4.5 

Silica 74. 

Alumina, 14.5 

Oxide of Iron, 4. 

100 

This cut was not planted until the 22d of April because it could not be marled 
before. A dry spell occurring immediately after, at the end of two weeks very 
little cotton had come up, except in the unmarled acre, in which there was about 
half an acre. My overseer becoming alarmed in my absence, replanted the 
whole and threw out the old seed wherever it bad Aot come up. This was done 
on the 6th of May, so that the crop of this cut dates from this period, which is 
at least a month later than I should have preferred. For my experience is that 
early cotton like early corn, is always the best. I consider the two weeks start 
which one half of the unmarled acre obtained in this instance as of considerable 
consequence to it. These early stalks could be distinguished until the bolls began 
to open. The difference in color between the marled and the unmarled cotton was 
as obvious as it was in the corn. The leaf too appeared broader and the stalk stout- 
er from the first The following was the production of these four acres. I state 
the production of all, though that of the one and two .undred bushels ought not 
to be compared with that of the other two, on account of the relative inferiority 
of the soil. 

The Unmarled acre, 1,111 pounds in the seed. 

Marled acre at 100 bushels, 846 pounds in the seed. 

Marled acre at 200 bushels, 1,003 pounds in the seed. 

Marled acre at 300 bushels,.... 1,318 pounds in the seed, 

The difference between the unmarled acre and that with 300 bushels of Marl 
was 17.7 per cent, in favor of the latter. It would have been greater perhaps 
any other year than this, which has been almost as favorable for cotton as for 
corn. The average production of the whole 75 acres was 966 pounds per acre. 
I have had this cut in cotton ten of the last twelve years, in corn one and oats 
one, and the following is a statement of its production of cotton for six of the 
ten years — that of the other years not having been preserved. 

1833, average per acre in seed, 731 pounds manured lightly. 

1844, »' " " 784 pounds manured lightly. 

1885, " " " 980 pounds manured lightly. 

1836. '' " " 951 pounns manured lightly. 

1840, " *' '' 497 pounds manured lightly 

1841, " ^* " 501manurned, 

1842, " " " 966 marled. 

The other fifty acre cut of marled land was planted in cotton on the lOth of 
April. It came up in good time and was a fine stand . This is also a light gray 
soil, with less clay than the mulatto land, and less sand than the corn cut. It is 
probably as old as either and has been cultivated in much the same way. Al- 
though planted ten days later than some other fields, and after all of them except 
the 75 acre cut, it soon appeared to be the oldest cotton^ and certainly matured 
the earliest of any of them. Immtdiately after the cold weather, and about the 
first of August, the rust commenced in it and by the 20th of that month it had 
the appearance of a field after frost. Forms, small bolls, and even some of the 
leaves dropped off- Most persons who saw it thought it had been cut off one 
half. I think myself it suffered to the extent of one-fourth at least. But I 
have made on this cut this year 840 pounds of seed cotton which is nearly 50 
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per cent, more than 1 ever made on it before. The following is the average of 
ts production for four years : 

1833, average per acre in seed, 569 pounds manured. 

1834, average per acre in seed 435 pounds manured. 

1840, average per acre in seed, 368 pounds manured. 

1841, average per acre in seed, 566 pounds manured lightly . 

1842, average per acre in seed, 840 pounds marled . 

I think the injury from the rust nearly or quite equal to the benefit derived from 
the favorable season, and that the increase from the Marl wa? greater on this cut 
than any other, because the earliest marled and most seasonably planted. The rust 
here was more injurious than in any other field, and I might have attributed it to 
the marling, but that the 75 acre cut, also marled, suffered least of ail. I am in- 
clined to think that the most advanced cotton was most affected, and the young- 
est least, and that the Marl had no influence one way or the other, and it is 
'worthy of remark that while all my other cotton suffered from lice and the worm 
both, neither made their appearance on the marled land. 

I have troubled you with this lengthy detail of my operations because this 
being the first serious experiment with Marl in South Carolina, [that I know 
of] it may be interesting to those who have this earth within their reach to 
know the particulars. From the facts I have stated, each one can form his 
opinion on nearly as good data as I can my own. I can only add that my ex- 
pectations for the first year have been fully answered. I did not calculate on 
any of those magical results which agricultural experimenters so often look for 
and so seldom realize to the full extent. I regard an increase of 20 per cent, as 
a very handsome return, and if it only does as well another year I shall at all 
events, be paid for my labor, even if the beneficial effects of the Marl ceases 
then. But the experience of all who have used it is, that it continues to improve 
the soil every year, until thoroughly disintegrated and combined with it ; and 
that with proper culture it never declines from its maximum. Under these cir- 
cumstances and with these hopes, I shall continue myself to prosecute the busi- 
ness vigorously. During the summer I have hauled Marl over 160 acres, and 
have now at my landing enough to cover SOO acres more. My great regret is 
that I did not engage in the business sooner. I have long known of Shell Bluff 
and for some years have heard of Mr. Ruffin's successful introduction of Marl 
into the culture of Virginia, but I had not read his "Essay on Calcareous Ma- 
nures,'' nor examined Shell Bluff until the summer of 1841. The idea of ob- 
taining Marl from that spot was first suggested to me by my friend, Maj. Dickin- 
son, of Georgia, and after a careful perusal of Mr. Ruffin- s Essay and Analysis 
of the Marls there, I determined to try the experiment. I have during the course 
of it received much encouragement and valuable practical information from Mr. 
Ruffin himself, to whom, in common with all other beneficiaries of this inesti- 
mable treasure, I owe a debt of gratitude which cannot be easily cancelled. 
I am, my dear sir, with regard and esteem your obedient service, 

I. H. HAMMOND. 

Hon. Whitmarsh Seabrook, President of the State Agricultural Society. 

Columbia, November 27, 1843. 

Dear Sir. — Tn fulfillment of my promise made lust November, I again commu- 
nicate to you the result of my experiment in Marling. The year has been so un- 
favorable to cotton and my crop has &llen so far below the promise of July, that 
if I had not left some unmarled acres for a test, I should, as no doubt has often 
been done in other experiments, have come to the conclusion that all my labor 
had been in vain, and that in fact the Marl had seriously injured my land. The 
truth, however, is very far to the contrary, and I now think that but for the Marl 
I should have made no crop at all. 

I planted this year seven hundred acres of marled land, of which five hundred 
and eighty were in cotton, the remainder in pindars and potatoes, of which no 
accurate account has been kept. The cotton turned out about as much per acre 
in the whole as the average of the same land for the last ten crops. .But believing 
this year to have been 20 per cent, more unfavorable than an average one, I attri- 

11 
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bute that much increase on the whole crop to the effect of the Marl 
In my last communication I stated that I had selected four acres of good mulatto 
land and four others of very light sandy soil, one acre of which in each selection 
was left unmarled, and the others marled with one, two and three hundred bushels 
respectively. For the purpose of showing the difference between the most favor- 
able and the most unfavorable seasons I have known for cotton, as well as to indi- 
cate the progressive comparative influence of the Marl, I subjoin the result of the 
last as^well as the present year on these experimental acres : 

EXPERIMENT NO. 1 — MULATTO LAND, 1842. 

Seed Cotton. Decrease. Increase. Per Cent. 

Unmarled acre, 1,111 pounds, 

Marled at 100 bushels per ucre,. .. 846 pounds, 265 pounds, 22.8 

" 200 ** *' ....1,003 " 108 « 9.7 

300 " " ....1,318 " 207 pounds 17.7 

SAME LAND, 1843. 

Seed Cotton. Increase. Per Cent. 

Unmarled acre, 493 pounds, 

Marled at 100 bushels per acre, 654 '' 161 pounds, 32.6 

" 200 « " 759 " 266 « 63.9 

" 300 « " 841 ** 348 " 70. 

As I remarked last year, the acres with one and two hundred bushels of Marl 
are decidedly inferior in quality to the other two. The unmarled acre and that 
with 300 bushels are as ne«u*ly equal as any two on my plantation. It is hardly 
necessary to say that these acres, lying side by side, were all planted on the same 
day and culiivated in precisely the same manner. The experimental acres of the 
thin light land were planted last year in corn. All the marled acres produced bet- 
ter than the unmeurled, but I will not repeat this statement, as it does not afford an 
accurate comparison with the cotton crop of this year, of which the following is 
the result : 

Experiment Ne. 2 — Very Light Sandy SoUf 1843. 

Seed Cotton. Increase. Decrease. Per cent. 

Unmarled acre 361 lbs. .... .... 

lOObushelsdo 451" 90 lbs. .... 24.9 

200bushelsdo 384" 23 » .... 6.3 

300bushelsdo 173" .... 188 lbs. 52. 

The land being very old, is bare of vegetable matter for marl to act on, to which 
more than to the texture of the soil, inferior as it is, I attribute the failure of any 
great improvement from it. I make the statement, however, because it is valua- 
ble in many respects. It shows the danger of heavy marling on worn land without 
previous rest or manure. The acre with 300 bushels has been destroyed. There 
is one rich spot, the bottom of a small basin in the centre of it, which produced 
nearly all the cotton gathered. On the rest of it the weed mostly died as soon as 
it came up. 100 proves a better quantity than 200 bushels, and perhaps a little 
less would have been still better on this soil, at least to begin with. All the lightest 
land in the fields marled with 200 bushels was evidently injured and now requires 
help. I anticipated this effect from what I saw last year, and reduced the quan- 
tity to 150 bushels on all the land then marling. I have ireduced it now to 100 
bushels, and shall hereafter marl at that rate. I prefer to go over it again after I 
have finished all, and give it what it may prove itself able to bear after testing 
once or twice. , 

The crop of this year has satisfied me perfectly that cotton will mature at least 
a fortnight earlier on marled than on unmarled land. 

Another unexpected effect of marl it may be worth while to state. I commenced 
in the spring of 1842 to put it in my stable pretty freely, for the purpose of im- 
proving the manure. I did not think of its having any material effect on the health 
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of the mules. But I have had but little sickness among them, and have not lost 
one since , while previously I lost on an average four annually, and never in any 
year less than two. I attribute this change in a great measure to the absorption 
of noxious gases by the marl. 

I am now marling as actively as heretofore, and I esteem it so beneficial that 1 
have this summer marled a field of over 200 acres, the average haul to which is 
three miles to my landing; and being tolerably fresh land, that has rested this 
year, and was sowed in oats last year, which were not cut, but grazed down 
after ripening, I have put a hundred and fifty bushels. 

The fields on which my experimental acres are will rest next year. I shall not, 
therefore, be able to continue my report to you. Since, however, the valuable 
labors of Mr. Ruffin in this State have given a decided impulse to marling, I pre- 
sume that all who are within reach of marl will at least experiment for themselves, 
and it will be of no consequence that I should longer communicate my experience. 
I am, very truly and respectfully, your obedient servant, 

Hon. Whitemarsh B. Seabrook. J. H. HAMMOND. 

Prize Report of Experiments submitted to the State AgricvMural Society of Smith 
Carolina^ Nrw., 1844, by Francis S. Holmes, of South Carolina. 

Springfield, St. Andrews's Parish, Nov. 19, 1844. 
My Dear Sir : Your letter of the 5th instant, with the request to communicate 
for public advantage the results of my marl experiments the past year, with my 
general views; also, as to the mode of applying marl, its action on soils, and 
general utility, I have not been able to answer before. My excuse for the delay 
is, I am a candidate for the Ruffin premium offered by the State Agricultural 
Society ; and a statement of the experiments to be forwarded to their meeting, 
which will shortly take place at Columbia, had not been completed until to-day. 
As you are, I believe, a delegate to that meeting, I have concluded to send you 
the statement, with such additions as your letter calls for, and with the request 
that you will lay the same before the Society. 

In all agricultural experiments, accuracy is the first and great requisite, in order 
to arrive at a true and correct decision ; and though the experimenter be satisfied 
with the effect visible to the eye alone, the actual weight or measure, when 
brought in comparison, is the true test of its worth. In all my experiments, I 
have striven to be very accurate and precise, as it is of the utmost importance to 
me to b« certain of the effects of this fertilizer. I need scarcely now tell you that 
my experiments have been so decidedly favorable to marling, that I am of opinion 
it will, in the course of a very few years, be generally used throughout our Stale. 
It will be the means of resuscitating and bringing into cultivation the thousand of 
old worn out fields, which are every where to be met with. So firmly am 1 con- 
vinced of its utility, that I have opened a pit seventy feet long, by twenty feet 
wide; undergone considerable labor in removing the soil, which was from 4 1-3 
feet to 7 in depth, before reaching the marl, and this for the most part a stiff clay, 
mixed with rocks, etc. — very hard to dig, and much more so to get clear from the 
spades and shovels. 

I shall continue marling yearly, until every field which I cultivate receives a 
good dressing. 

Many planters urge as an objection, the destruction of the old bed preparatory 
to broad-casting the marl, it being detrimental to the cotton crop of the next year. 
But I see no objection to spreading the marl in the alleys, and giving it but half 
the quantity the first year, and repeating the dressing the next year. This I have 
determined to do with my cotton fields in future, but with the corn and potatoes I 
shall continue the broad-casting of the marl. 

Very respectfully, your obedient servant, 

FRANCIS S. HOLMES, 
RoBT. W. Roper, Esq. 
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p. S. I have a statement of an experiment in bailing and pumping water from 
the marl pit, and also of a successful experiment of one acre of marled corn, close 
planted—Georgia red flint seed — which produced over 74 bushels, but have not 
time to send it. It was planted as a prize acre, and not included in my other 
experiments, therefore not necessary to be sent with them. 



EXPERIMENT A. — COTTON. 



Gtuantity 



Manures. 



1 
2 
3 
4 



1-4 acre Natural Moil without marl or manure, 
1-4 ** 33 bushels of marl, ^Q per cwt. carbonate of lime, 
4 cart loads, and 33 bushels of marl, all broadcast, 
II cart loads salt marsh mud and 16 bushels of 
marl unHer list 



1-4 
1-4 



(< 



(( 



Product. 



43 1-2 lbs. cot. in seed. 
68 
131 1-2 " 



<< 



(I 



142 



(( 



« 



K 



(C 



(( 



1 
2 



EXPERIMENT B. — COTTON. 



1-2 acre. 
1-2 " 



Natural soil, no marl or manure 
66 bushels of marl, broadcast. . . 



157 1-2 lbs. cotton in seed 
178 " " " 



EXPERIMENT C. — CORN. 



jGtuantity. 




Manures. 



Natural soil, without marl or manure . . . 
8 cart loads of compost in 1843, for corn 



Product 



8 1-2 bbis ear corn. 
101-2 " " " 



f)6 bushels marl, broad-cast |II 1-4 



(( 



cc 



u 



EXPERIMENT D. — POTATOES. 



U.uuniity. 



Manures. 



3 rows, 105 feet each in length Cowpenned 



3 



i( 



(( 



3 


u 


u 


<( 


3 


(( 


l( 


(< 


3 


(( 


i( 


<< 


3 


<( 


(( 


(( 



(( 



(( 



(( 



<( 



(( 



<< 



(( 



II 



It 



Cowpenned and 33 bushels marl per 
1-4 acre 

8 cart loads compost, per 1-4 acre. . 

8 " " ** and 33 bushels 
marl, per 1-4 acre 

Natural soil, without marl or manure 

'V^ bushels marl per 1-4 acre 



Product. 



6 1-4 bushels It 



5 3-4 

3 1-8 

4 

1 1-8 

2 1-2 



it 

u 

C( 

u 



6 



A. — Cotton. 

Experiment A, Nos. I, 2, 3 and 4. The field in which this experiment was 
made, has been at rest for some fifteen or twenty years, perhaps prior to 1842; at 
this time it was covered with a stunted growth of broom grass, and interspersed 
with a few loblolly or short leaf pines, and small live oaks. It was cut down, the 
broom grass burnt off, and a part of the field listed, bedded and planted in slip- 
potatoes, in June, which yielded a fair crop; the balance of the field or hill was 
not planted (although listed) until the following year, 1843, when the whole field 
was planted in cotton, and the result was a lost crop. The cotton began to rust 
in May, and by the middie of August the plants were black and leafless, except in 
a few spots near the stumps of the oak trees. It did not average 10 lbs. of cotton 
per acre, nor grow higher than 12 or 14 inches. No manure was applied to any 
f>Hrt of this crop, and no difference was perceptible between the part planted in 
slips, and that not planted the previous year. The soil of this hill is a good sandy 
loam, but abounding in what we of the low country call iron ore. It is in small 
pnrticles, and looks like rusted clay. Such soils are very common in this part of 
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the State. The entire field was listed, or rather levelled (except 1-4 acre No. 4), 
on March 9th, 1844 ; this was done with the hoe, and immediately afterward 
carted and spread broad-cast, 24 cart loads of marl per acre. The carts are drawn 
by one mule each, and carry 5 to 6 bushels, which gives an average of 5 1-2 
bushels for every load, or 133 bushels per acre. Omitting, of course. No. 1, and 
carting but IG bushols to No. 4, which had the 1 1 cart loads of salt marsh mud 
previously spread in the alleys, and upon this mud the marl was also spreud and 
then immediately listed upon. It was all bedded April 2d, and planted in cotton 
(fine sea island) on the 4th. The following remarks are taken from my planta- 
tion book, and were made at the times noted. 

May 12th. Great difference in favor of the marled cotton generally, which can 
be distinguished to the row — it is taller and more healthy. The season is very 
dry, and all the crops are suffering much, but the marled land less than the un- 
marled. June 3d. — In company with two friends (planters), examined the entire 
crop, and their opinion that the marled crop in every instance is at least 30 per 
cent superior to the unmarled. June 7th — Blossoms in No. 3, experiment A. 
llth — Still very dry; the unmarled one quarter acre. No. l,is suffering very 
much; looks yellow and sickly. July 4ih — Accompanied by two other friends, 
examined the crop, and found the marled cotton far in advance of the unmarled. 
The marled cotton is green and heRlthy,and the unmarled quite yellow and sickly, 
and is not by one-third the height of the former. August 2d — Picked the first 
boll of cotton firom No. 4. August 15th — Begin to pick cotton generally from the 
whole field, but there is very little open in No. I. Sept. 17th — The one-quarter 
acre No. 1 appears to be perfectly dead. The other portions of the field are also 
casting their leaves, and looking like winter, but Nos. 3 and 4 less so than the 
others. There is a good bloom in the whole field (except No. 1, from which all 
that could open has been picked), but the plant appears to have made its last 
effort, and opened the pods up to the top. Picked through this field, which is the 
last that will begotten from it. October 7lh — Picked in the few remnant pods 
from experiment A. 

EXHKRIMKNT B CoTTON. 

Experiment B, Nos. 1 and 2, was made on land that has been under continued 
cultivation, to my knowledge eight years, and from what I can learn, has been 
planted nearly every year in the last sixteen or eighteen. I have planted it four 
successive years in corn, viz: 1840, 1851, 1842 and 1843, and manured each year 
with a slight dressing of compost, and sometimes cotton seed was added in the 
hills. The soil is a good yellow sandy loam, such as is considered good cotton 
land, and has produced about fifteen or eighteen bushels on an average per acre. 
In the preparation and cultivation of this experiment it was treated in the same 
manner as A. The rust appeared in various spots over the entire field in which 
the acre stands, quite early in the season, and was first seen in B No. 2, which is 
the marled half acre. I attributed it then to some irregularity in spreading the 
marl, by which some spots were left without any; but on a visit made to me b)'' 
two expeiienced James Island cotton planters, who examined this experiment, they 
informed me that the best lands on their Island exhibited in spots the same ap- 
pearance, and it was considered a prematurity of the plant, and not the genuine 
nistf as many believed. It was also their opinion that No. 2 was far superior to 
No. 1, more advanced, and of a better bearing color. The result has been twenty 
and a half lbs. the half acre, or forty-one lbs. per acre in favor of No, 2, the marled 
half acre. 

ExPERiMEf^T C. — Corn. 

Experiment C, Nos. 1, 2 and 3. The field in which this experiment was made , 
is in every respect Hke that of B, as it is a part of the same field, separated only 
by a road. The half acre No. 2 was manured with eight cart loads of compost 



166 Tertiary Lime Formation 

in 1843, and planted in com. Nos. 1 and 3 were not manured with compost, but 

with cotton seed in the hill, and likewise planted in corn, the yield was a good 
one, but I do not remember in about what quantity. The stalks of this com 
were listed March 5th, 1844, and immediately sixty-six bushels of marl (twelve 
cart loads) were broad-cast over the half acre No. 3 ; the whole was bedd^ with 
the Davis plough, by running one furrow on each side of the list and the com 
planted the same day. From the time this com attained its fourth leaif, a differ- 
ence in favor of fhe marled half acre was visible to the row ; and I have it noted 
on the 10th May, when the crops generally were suffering for rain, the No. 3 was 
one- third higher than No. 1 and 3 and of a healthy green color. No. 1 was quite 
yellow and much twisted, and No. 2 a shade better than No. 1. In this state 
they continued until the rain of the 21st May, when a gradual improvement was 
visible in No. 1. No. 2 grew off rapidly, but a considerable difference in favor of 
No. 3 could at all times be perceived. 

When the silk from the ears of Nos. I and 2 was green and pink, that of No. 
3 was brown, indicating maturity of the grain. The blades of No. 3 could have 
been stripped several days earlier than Nos. 1 and 2, but I preferred taking them 
all in from the different numbers at the same time, because a difference in the 
product of corn, it has been supposed, was caused by stripping the blades. In 
harvesting, I found the ears of No. 3 better filled on an average than Nos. 1 and 2* 

Experiment D. — Potatoes (1 to 6). 

The field in which this experiment was made, has been at rest for three years, 
and when taken up for cultivation in the spring of this year (1844), was covered 
with broom grass. It is a good and grateful soil, of a yellow sandy loam, but 
very poor from excessive cultivation. After ditching it thoroughly, the cow pen 
was passed over a portion of it, and the «ompost and marl broad- cast over also ; 
after which, on the 13th of March, it was all listed, and a furrow run on each side 
of the list with the barshear plough, covering up the same. It was bedded with 
the hoe on the 1st April, and planted with cut potatoes on the 3d of the same 
month. In consequence of the drouth they came up irregularly, and grew slowly ; 
but in no other experiment was the effect of the marl so marked. The superiority 
of Nos. 2, 4 and 6 on the third of June was so decided, that it was the opinion of 
several gentlemen, who saw the field on that day, that two acres could be supplied 
with vines sufiicient for slip planting from the three quarters of an acre, Nos. 2, 4 
and 6. On the other hand, but few vines could be found in the unmarled, Nos. 
I, 3 and 5, th{it had crossed the alleys. The marled alleys were covered with 
vines. On the 15th July, no difference could be seen in Nos. 1 and 2. I tested 
the yield of the different quarter acres, or numbers, on the 18th of October. I 
could not dig in the entire quarter of each number, as these roots do not keep 
well, and the loss would have been considerable. We generally dig them as 
required for use. I therefore dug three rows from the centre of each quarter acre, 
or separate number ; each row is 105 feet long. The cow penned quarter, No. 
1 , although producing a larger quantity, the potatoes were not as fine as those of 
No. 2. I selected several that i^eighed a trifle over three pounds each, but could 
not find one in No. 1 that exceeded two and a quarter lbs. It never occurred to 
me, until too late, that I should have weighed the whole. 

Discovery of Digging and Carting the Marl. 

In a low part of an old inland rice field, with an auger attached to a long rod, I 
attempted to bore, in hopes of finding marl, but did not penetrate two feet befi>re 
1 was compelled to desist, on account of the rocky state ot the ground ; these 
rocks are very numerous on the surface also, many of them bearing the impres- 
sion of shells. Upon digging five feet deep, I found the marl, but as it was in 
swamp land, the water springs very fast, and therefore it was abandoned. On an 
old causeway, which crosses a creek passing through the plantation, I found two 
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shark's teeth. These teeth are quite numerous in the marl banks on the river, and 
I concluded that marl could not be far from the surface. I accordingly dug a hole 
three feet square, in a narrow branch, which leads from the creek and which is 
overflowed at high tide, and struck the bed four and a half feet from the surface, 
and not at all troubled with the water; the rocks also appeared to lie in one 
stratum, and not scattered throughout the upper soil, as was the case in the old 
rice fisld. 

With two prime hands, I began, on Mondayj 26th February, to remove the 
earth off the marl in this pit, which I marked out twenty feet square ; and the 
labor was not greater than in ditching in a fair soil ; but on reaching the stratum 
of rock, the pick axe had to be used to loosen it sufficiently to allow its being 
taken in the shovel, and then it was with much difficulty handled. The following 
table will show the nature of the soil removed from above the marl, &c., &c.: 

1. Stratum, marsh mud and roots 1 foot 

2. Stratum white sard and a few pebbles 3 inches. 

3. Stratum rocks, closely imbedded in stiff blue clay ; these are of irregular shape, 
filled with holes and the prints of shells. In size they are seldom larger than 
a whole brick, but generally about the size of a man's fist 1 foot 3 inches. 

4. Stratum dark sand, lumps of bhie clay and pebbles 1 foot. 

5. Stratum blue and gray sand, with a large quantity of finely divided shelly 
matter, and numerous muscles, clams and other shell casts in marl, with fish 
bones and teeth 4 feet 6 inches. 

6. Stratum rich marl, of a dingy yellow color, which, by analysis of Dr. Lebby, 
U. S. A., (Fort Johnson), was found to contain 71 per cent, of carbonate 
lime 2 feet. 

7. At this depth (2 feet) the marl changes color, and contains but 61 per cent. 
Into this I have dug five feet, seven from the top of the marl and about twelve 

or thirteen from the top of the marsh mud or surface soil ; the strength of the 
Miarl continues about 61 per cent. 

I have been troubled but little with water in working this pit. Water oozes 
slowly through every part of the marl, but so gently as to be rather beneficial 
than otherwise, by keeping the marl moist and rendering it more easy for the 
grubbing hoes to penetrate. It is very firm marl, and requires a good blow to 
drive the point of the grubber two inches deep, when the handle, acting as a lever, 
crumbles it easily, or breaks it off in lumps, which] are soon reduced by a slight 
blow with the but end of a hoe or grubber. 

At the depth of thirteen feet, a prime hand, with a single toss of the spade, 
throws up the marl to the top of the causeway, where the carts are loaded; and 
in order to test the height to which it could be thrown, they were ordered to "try 
and see how much higher than the causeway they could pitch it, when I found 
each of them could throw it five or six feet higher ; but I would prefer erecting a 
scaffold and making two tosses, if I dig deeper than thirteen feet, unless I found it 
easier to hoist by horse power. On the causeway, where the carts are loaded. I 
keep an old man (a half hand) to assist in loading, and while the carts are away 
he breaks up the lumps with the butt of his hoe and hauls the marl into heaps. In 
carting the marl, I use two carts, each drawn by a sfngle mule; several cart 
loads, being measured, were found to contain five and a half bushels per load. 
From several days carting, I have arrived at the following result as an average 
distance : 600 yards, 19 loads per day each, the carts to be drawn by a good 
strong horse or mule, and driven by a prime hand. The loads are not tilted out 
of the cart, but are divided into three heaps and drawn out with a hoe ; these 
heaps are made at regular distances over the land, which insures an equal distri- 
bution of the marl. Three hands will be required to dig for two carts, and as 
before stated, they must be prime hands. In spreading the marl, the same tasks 
are given as for broad-casting compost manures. 
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Estimated Cost of Marling Seven Acres of Land. — With two carts, average dis- 
tance 600 yards, it took five days to cart 168 loads, which gives each acre 34 
loads, 5 1-2 bushels each — ^924 bushels at 1 3-4 cents per bushel S12.38 

Say 5 days work of 2 carts and mules, at 30 cents per day each 3.00 

3 " " 3 hands to dig, at 30 cents " ** " 2.70 

2 " " 2 " " 30cems " «' " 1.20 

5 " " 2 ** to drive the carts, at 30 cents each 3.00 

5 " " I half hand loading carts, at 20 cents 1 .00 

One-half the cost of removing the soil from the pit and preparing the same, 
before digging the marl — ^2 hands, 5 days, at 30 cents each, 3.00 ; half of 

which is 1 .50 

12.40 
The cost of each acre for 132 bushels, at 1.34 cts., is $1.76 6-7. 
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CHAPTER IX. 



Other Sources of Lime in Georgia. 

We have shown that the counties of Burke, Screven, Jef- 
ferson, Emanuel, Washington, Laurens, Wilkison, Pulaski, 
Twiggs, Houston, Macon, Marion, Muscogee, Stewart, Ran- 
dolph, Lee, Early, Baker, and other counties in the ter- 
tiary formation of Georgia, contain deposits of shell lime- 
stone and marls sufficient to supply the entire State for 
unnumbered ages. 

The primitive region of Georgia, lying above the tertiary 
formation, is not wholly without lime formations ; crystal- 
line primitive marble has been found in Hall and Haber- 
sham counties. The transition, or older fossiliferous rocks 
of the northwestern portions of Georgia, beyond the primi- 
tive formation, embracing Cass, Murray, Chattooga, Wal- 
ker, Dade and Floyd counties, and portions of Paulding, 
Cobb, Cherokee and Gilmer counties, will yield inexhausti- 
ble quantities of lime for both agricultural and architectural 
purposes. 

We shall, during the progress of the agricultural survey 
of Georgia, execute analyses of the limestones from all 
these various formations ; upon the present occasion we 
will present an analysis which will substantiate the propo- 
sition that ^Northwestern Georgia is capable of yielding 
inexhaustible quantities of lime, equal in agricultural and 
architectural value to any lime offered in the Georgia 
market. 



41.36 
1.70 

1.89 
0.20 
1.92 
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The following is the analysis of a limestone from Cass 
county, Ga., which exists in inexhaustible quantities, lies 
immediately upon the Railroad, and which is now success- 
fully burned, converted into lime, and shipped to all parts 
of Georgia : 

Analysis 28. — ^Limestone from Cass county, Ga., quarry of 
R. L. Rogers, one mile from Cass station, and imme- 
diately on the Georgia State Railroad : 

100 parts contain : 

Carbonate of Lime. | cSnic Acid, '.'.'' '''^'^^ 
Carbonate of Magnesia, { ^^|^«^/^^'^^:^- 

Phosphate of Lime, ^ . . 

Insoluble silicates and oxide of iron, . . 

This limestone will yield 1052 (one thousand and fifty - 
two) pounds of lime to the ton ; it will therefore prove a 
valuable source lime for both architectural and agricultural 
purposes. 

The clay which lies upon this limestone, contains from 
15 to 30 per cent, rf carbonate of lime, and will prove a 
valuable addition to lands, and especially to sandy lands. 

In the southern portions of Georgia, and especially south- 
western Georgia, there are extensive deposits of fossil 
shells, whice are now under examination, and which will, 
according to the present results of the investigation, prove 
valuable sources of lime for those counties in which thev 
occur. 

Immediately upon the sea coast, supplies of lime may be 
obtained from the recent oyster shells, which not only exist 
in great quantities in the marshes and rivers, but are also 
found in great numbers upon the surface of the sea island:*, 
deposited there in part by the Indians. 

The composition of recent oyster shells will show that 
they will prove valuable sources of phosphate of lime as 
well as of carbonate of lime. 

100 parts of oyster shells contain :* 

♦Kane. 
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Carbonate of lime, . . . . 98.5 

Phosphate of lime, .... 1.0 

Animial membrane, . . . . 0.5 



100.0 



From this analysis we see that one ton of oyster shells 
would yield 20 pounds of phosphate of lime, and 100 
bushels 100 pounds of phosphate of lime. 

Gas lime (lime which has been used for the purification 
of. illuminating gas) will fiirnish limited amounts of lime 
for agricultural purposes to the planters living near the 
cities and towns of Georgia which have gas works. Al- 
though this source of lime must necessarily be limited, still 
it is important that those planters who are disposed to avail 
themselves of this supply, should understand its general 
constitution. 

The following analysis by Professor Johnston, of the 
gas lime of Edinburgh and London gas works, will show 
that it varies in chemical constitution not only in different 
gas works, but even in the same gas manufactory. The 
variations arise from several sources. 

1st. Variations in the materials from which the gas is 
manufactured. 

2d. Variations in the temperature to which these mate- 
rials are subjected, causing corresponding variations in the 
resulting products. 

3d. Variations in the length of time to which the lime is 
subjected to the action of the gas. 
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Edin- Lon- 


Edin- 


Lon- 




burgh 


don. 
9.59 


burgh 


don. 


Water and coal tar, 


12.91 


12.91 


9.51 


Carbonate of lime, . 


69.04 


58.88 


67.39 


56.41 


Hydrate of lime (caustic). 


2.49 


5.92 






Sulphate of lime (gypsum), 


7.83 


2.77 


16.45 


29.32 


Sulphite & hypo-sulphite of lime, 
Sulphuret of calcium, 


2.28 


14.89 






0.20 


0,36 






Sulphur, .... 


1.10 


0.92 






Prussian blue. 


2.70 


1.80 


2.70 


1.80 


Alumina and oxide of iron. 




3.40 




8.40 


Insoluble matter (sand, &c.) . 


0.64 


1.29 
99.82 


0.64 


1.29 


I ■ 


98.69 


100.09 


101.81 



It will be observed that the sulphite and hypo-sulphite of 
lime, which exists in the proportion of a little more than 
two per cent, in the sample of gas lime from Edinburgh, is 
found, on the other hand, to constitute more than 14 per 
cent, of the sample from the London gas works. 

The sulphite and hypo-sulphite of lime will, if present in 
too great quantities, produce disastrous effects upon the 
growing crop. The various contradictory accounts with 
reference to the value of gas lime, are readily reconciled by 
the facts established by these analyses of Prof. Johnston, 
that it is by no means a uniform compound. 

It is evident that gas lime should not be applied directly 
to the land, unless its chemical constitution has been care- 
fully determined. Gas lime, however, may with great ad- 
vantage, even when it contains too much sulphite and 
hypo-sulphate of lime to be safe as a direct application of 
lime, be mixed in moderate quantities with swamp muck 
and stable and cow-pen manure, for it contains but a small 
proportion of caustic lime, and in the process of fermenta- 
tion, the action of the atmosphere will convert the sulphite 
and hypo-sulphite into harmless compounds, and at the 
same time the gypsum which it contains will absorb and 
fix the ammonia and other fertilizing gases. 
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CHAPTER X. 



Methods of Applying Calcareous Manures — Cost of the Appli- 
cation of Calcareous Manures in Various Countries. 

We shall endeavor to discuss these subjects in as brief, 
and at the same time practical and comprehensive a man- 
ner, as is consistent with the attempt to excite intelligent 
action, because the analyses of the soils of Georgia are not 
yet completed, because no experiments of any veiy great 
extent or value, upon the action of calcareous manures 
have ever, as far as our information extends, been conduct- 
ed by the planters of Georgia, and more especially because 
the whole subject will be fully discussed when the Agricul- 
tural Survey is completed. "We earnestly wish at this stage 
of the survey, to excite intelligent and vigorous action, and 
inaugurate an extensive series of careful experiments upon 
the agricultural value of the calcareous manures of Georgia. 
Surely the testimonies which we have brought forward to 
prove the value of calcareous manures in Europe and Amer- 
ica, should be sufficient to excite experiment and investiga- 
tion To those who desire still stronger testimony, and 
more extensive discussions of these subjects, we would 
earnestly recommend the valuable work on calcareous 
manures of the distinguished American Agriculturist, Mr. 
Ruffin,* to whom the agriculturists of Europe and America 
are indebted for the first extensive and philosophical and 
satisfactory explanation of the action of calcareous manures ; 
and to the lectures of Professor James F. W. Johnston,* of 
England. 

♦An Essay on Calcareous Manures, by Edmund Ruffin. Fifth edition. J. W. 
Randolph, Richmond, Va., 1852. 

♦Lectures on the Applications of Chemistry and Geology to Agriculture, liy 
Jas. F. W. Johnston, M. A., F. R. SS. L. and E., Chemist to the Agricultural 
Chemical Association of Scotland, &c. 

12 
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Methods of Applying Calcareous Manures. 

Calcareous manures may be applied in two well defined 
states of chemical combination ; either in the caustic state, 
induced by; burning, or in the natural state of combination, 
in which they are found in nature. 

Lime is never found in an uncombined caustic state in 
nature ; it is always combined with some acid, as carbonic, 
phosphoric, sulphuric, or silicic acids; thus, in marls, shell 
limestone, oyster shells, and in the crystalline limestones 
and marble of the primitive and fossiliferout rocks, it exists 
chiefly as -a carbonate, and to a small extent as a phosphate. 
•In this, its natural condition, it possesses no caustic proper- 
ties; may be taken into the mouth with impunity, and 
exerts no injurious effects when brought directly in contact 
vn\h animal and vegetable manures. 

The application of heat to these various forms of carbon- 
ate of lime, overcomes the union of the lime and the car- 
bonic acid gas ; the carbonic acid gas escapes, and quick 
lime remains. If water be thrown upon quick lime, or if 
it be simply exposed to the moist atmosphere, it v^U absorb 
water, gradually disintegrate, and fall into a powder much 
finer than could ever be obtained by mechanical means. If 
this powder of slaked lime be exposed to the atmosphere, it 
will gradually absorb carbonic acid gas, and be converted 
back to its original condition before the application of heat. 

It is evident, therefore, that the effects of burned lime 
differ from those of the carbonate of lime, in whatever form 
it occur, of marbles marl, limestone or oyster shell, only 
whilst it is in the caustic state; and farther, that when 
caustic lime is applied to the soil, it is rapidly converted 
back to its original condition as a carbonate, and its effects 
then are in no manner different from those of finely divided 
marls and limestones. Why then should the agriculturist 
ever burn the carbonates of lime ? 

1st. Because lime in its caustic state acts more energeti- 
cally in decomposing the insoluble organic and inorganic 
elements in the soil. If the chemist wishes to liberate 
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potash and soda from the earth, he heats it red hot, in a 
crucible, with lime ; after which operation he can extract 
by the means of water alone, all the potash and soda from 
the soil. Carbonate of lime will in the soil produce similar 
chemical changes, but they will be much slower than those 
produced by caustic lime. 1 he fact which we have before 
stated and explained, that caustic lime added to manures 
containing ammonia will cause the rapid liberation of the 
ammonia, will serve to show the energetic effects of caustic 
lime upon the organic matters. 

2d. Because by heat the 'mechanical condition of the 
hard limestones and marls is more thoroughly changed 
than by any other means which can be employed. The 
state of fine division induced by the action of heat,' renders 
the lime more active and more soluble. The mechanical 
division effected by heat, notwithstanding that the caustic 
lime is soon converted back to the carbonate, is in itself 
valuable. 

3d. Because caustic lime weighs much less (from 10 to 
50 per cent., according to the proportion of extraneous mat- 
ters, as insoluble silicates and water contained in the marls 
and Umestones), than an equivalent of the marls and lime- 
stones ; if, therefore, it is necessary to transport the calca- 
rous manures to any distance, an important item of expense 
is saved by first driving off the carbonic acid gas. Whether, 
however, the diminution of the cost of transportation will 
pay for the trouble and expense of burning in any given 
case, will depend entirely upon the cost of fuel and labor. 
We believe that upon the vast majority of plantations in 
Georgia, where deposits of lime occur, fuel can be obtained 
in suflScient abundance, and labor at such a rate as to make 
the burning of limestones more profitable than their ship- 
ment in the natural condition. 

We have thus far spoken of marls and limestones, which 
contain but small quantities of magnesia. 

We have a class of limestones which consist, in large 
measure, of this substance, carbonate of magnesia, which 
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resembles lime m.many of its properties; it is, however, in 
the caustic state, far more powerful and far more lasting in 
its. aqtion upon t}ie soil atid .vegetation. "We have, however, 
in the chapter upon the relations of lime and magnesia to 
soils, shown that \yhen magnesia is combined with carbonic 

acid, it exerts no caustic or injurious eflfects upon crops, 
and in JFact is higyy 'beneficial; for, like lime, it forms an 
important constituent of the structures of both plants and 
animals. It is best, therefore, to apply magnesian limestones 
in the state in which they oc^ur in nature without burning. 

'These remarks do not apply to the marls and shell limestone 
or the^^ ter|:iS;r7 formation of Georgia, for they contain 
scarcely any magnesia; in their agricultural employment, 

J w^ ^y> ther^ejfore, disregard this substance entirely. Ma y 
of the limestones of^ the northwestern parts of Georgia, on 
the. other hand, contain large proportions of magnesia. 

with reference to the time when lime should be applied 
to, the soil, practical agriculturists have determined the rule 

' that it slioul'd be applied as long as possible before the crop 
Is sown, because inariy of the beneficial effects of calcareous 
manures, as tlie disinteo-ration of the inoro:anic and orjsranic 

• r I ft r . .O . CD O 

'matters,'an3 the lormation 6^ nitric acid from 

the atmosphere an d^ the elements of plants, is slow and 
reqili'res tinier If t'hef'Taiiff' is in cultivation, it should be 
applied ear^y m the autumn. It would not be improper to 
apply marl iihd crushed limestones and oyster shells to the 
land at the' same time* that' wia^ it would be 

highly improper, towever,' 'to' apbly' quick lime at th-e same 
"tirne or immfediatfely before or after'thb' application of man- 
ures containing ammonia, tor the quick lime will cause the 
too rapid evolution oi this valuable compound. 
' The amount of lime, marl, and limestone which should 
be applied to each acre of laiid,' will 'depend upon many 
circumstances; the chiei oi which are, the proportion ot 
lime already existing in the soil, the amount of organic 
matter existing m the soi , the previous system of cultiva- 
tion, the Climate, and the per centage ot lime contain- 
ed in the calcareous manures. 



. J. liWd abounding ii^. .organic, ,n;\atters,.aa,rf(ih 8W5iiij^)8 a^.d 
nver bottoms .and ,newly cleared, land,, and lands .which, 
have been niglily manured with stable manure and swa^p 
muck, will bear much heavier applications of lime than 
exhausted lands. Two hundre(i bushels of Time per acre 
are often applied to sandy soils, and from three to four 
hundred' oh clay soils m the north dJF Engjan«(l' a^d'Scptlaqjd,^ 
and the dressings of this- amount are renewed once in ev^ry 
"te/TRQ, of twenty-one years f in Fl toilers the '|5[uantityb 
applied is Jfrom forty to fifty bushels to the» acr^j^and-th^- 
diregsing is repeated once in ten or twflve years'; ;iil the' 
department L*Ain, in France, eighty bushels to the acre 
afe'.'atJplied as a preparation for every strain crop. In the 
depew'tment of La Sarthe, the lime is applied at the rate of 
twelve bushels to the acre, once in three years, in the form 
of compost-i iTn M^jpyland one Jiundrcd. bushela of limjS, jqv 
from two hundred to four hundred bushels of marl, con- 
tainins: from 20 to 50 per cent, of carbonate of lime, have 
been applied with success to each acre ; and mi ao«xe p^rt^ 
pi 'Virginia the application has been -heavier r than this ; in 
PAuith Carolina, oii'the other hand,* Ihesi^i^large-applicaW^^ 
erf 'lime and marl have been found to be -injurious rather 
l^^p beneficial, on accouijt of theal^most tota^ n^'^^ct Of 
manure and the exhausted state of the soil. 
:.!: !^^ ^^^ convinced that the heavy applications of lime 
a-iwi'-marls and crushed lim^stonesj so successfully made.^ia 
EniMand, will not be borne uptiii the erhfUisted* lanids i!>f 
Georgia, and hence we have recommended the* application 
i>f -8hfe hundred bushels of the crushed shell limestone, and 
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from 100 to 250 bushels per acre of the marls. 

"" -^ COST OF BURNING LIME, t- „*•' ' i 



^1 . fi 



*^" No absolutely accurate estimate can be made of- the -cost 
of buraiug.liin^ m feorgiai, for it\yill^(J<^pj5nd^ upon seye,r^^ 
causes, which will vary in the different sections of the State, 
such as the price of fuel, the value of labor, and the position 
of the! 'deposit of lime. 'The results of 'similar operations in 



'* X 



. ■ V»w 4 I . 



182 Tertiary Lime Formation 

other States will, however, form valuable guides in enabling 
the planters to determine approximately the prospective 
cost: 

Estimates of the Expenses and Prnfits of Burning Lime in Rhode Island^ by 

Charles J. Jackson^ M. D* 

Harris rocks, middle hill, soft rock, the manufacturer owning the quarry. 
Estimated for 350 casks of lime. 

Cluarrying the limestone $50, carting to kiln $2b $ 75.00 

Attendance on kiln $20, and filling out $12 3200 

40 cords of wood at $4.50 180.00 

350 lime casks, at 45 cents, 157.00 

Carting to Providence, 20 cents 70.00 

Rent of lime kiln 20.00 

$534.50 

350 casks of lime sell in Providence at $2 net 700.00 

534 00 

Leaving profit in burning and value of rock $165.00 

The rock would sell at 12 1-2 cents per cask in le-ge, here deduct ... . 43.75 

Clear profit in quarrying and burning 350 casks of lime $121.75 

The following is an estimate of expenses and profits in burning the hard rock 
of the middle hill : 

Cluarry $35, carfing to kiln $25 $ 60.00 

Attendance on the kiln $20, and filling out into casks $15 • 35.00 

35 cords of wood, at $4 50 157.50 

450 casks, at 45 cents 202.50 

Rent of kiln 20.00 

Carting to Providence, at J shilling per cask 75.00 

$733.34 
550.00 

400 casks lump lime, netting in Providence 10s 666.67 

40 casks ordinary lime, nett 7 shillings 46.67 

. 1 casks first quality lime, nett 12 shillings 20.00 

$733.34 
55000 

Value of rock in Udge and burning profit $183.34 

Rock worth in ledge 10 cents 45.00 

Net profit $138.34 

Estimate of Mr. Wright, who burns lime under the leasees of the Dexter 
Rock : 



♦Report on the Geological and Agricultural Survey of the State of Rhode Isl- 
and, 1839, pp. 59-67. 
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For the rock in the ledge, for use of kiln, and for the steam engine for 

pumping water from the quarry Sli^O.OO. 

Expense of getting out water preparatory to quarrying rock 40 00 

Cost of quarrying S50, and hauling rocks out of pit $40 00^00 

Drawing to and filling kiln 40 00 

Tending kiln S26, filling out #30 56.00 

Pointing kiln 5.00 

540 casks, at 45 cents 243 00 

75 cords of wood, at S5 375.00 

Carting to Providence , 20 cents 108 00 

$1107.00 

540 casks of lime sell for .. 1200.00 

1107.00 

Profit on quarrying and burning 1 53.00 

Seven turns of 24 hours each — two men employed at Sl3 each for burning a 
kiln of lime 

Ptf/hitual Kilns. 

The following is an estimate of expenses and protils in burning lime by mea«>s 
of small anthracite coal, in a perpetui^l kiln, owned by Mr Curtis, in Boston, t'>e 
limestone being brought from Thomaston, iVlaine, and costintr 50 cents per cask. 
The kiln burns 26 casks of lime per diem : coal costs irom $2.50 to $3 per ton: 

2o casks of lime rock, costinji^ 50 cents each $13.00 

2 tons of anthracite coal, ar $3 per ton 00 

Labor of 3 men, at $1 3.00 

Labor of one horse lo raise the rock to kiln 50 

i nterest on cost ol kiln, $900, 1 5 cents per day 15 



Cost of 26 casks of 1 »me in bulk $22.65 

2J old lime casks, costing 1 2 1-2 cents 3.25 

Cost of 26 casks of lime for sale $25.90 

The lime sells at $1 .12 per cask 29 12 

Deduct cost 25.1)0 

Daily profit $ 3.22 

Average profit per cask 12 1-2 cents nearly, or $9o6 in 300 days. The kiln is 
kept in action throughout the year. 

There must be a coasiderable variation in the profits at different times, since the 
price of the coal varies, as also does the price of lime, which sometimes sells for 
;SI.25 per cask. Masons prefer buying freshly burnt lime, since it is more caus- 
tic, and there is also a saving, from the fact that no waste takes place by the 
sifting of lime from the casks, when they have not undergone much disiturbance 
by transportation. Having exummed many specimens of lime burned by coal and 
wood, 1 feel sure that the lime which is pr«>perly burned by means of anthracit<^ is 
equal in whiteness and in strength to that burned by wood fuel. It is necessary, 
however, that the workmen should learn by experience how to regulate the draught 
of the kiln, in order to prevent the fusion of the lime rock into slag. 

There is a perpetual lime kiln in Chariestown, owned by Mr. Gould, who 
burns Thomaston and L'Etang lime rock by means of anthracite small c al. I 
visited this kiln, obtained a plan of i% and learned the follow ng .statistics through 
the politeness of Mr. Gould : 

The kiln co9t $900. It is built of Charlestpwii clay slate, and is lined with 
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red sandstone. The kiln is 19 feet high, 11 feet across the top, inside 12 feet 
wide at the boshes (the widest inner part near the middle of the kiln), and two and 
a half feet wide at the hearth. Limerock costs $2 per ton, delivered at the kiln, 
equal to 50 cents per cask. Small anthracite coal costs $2.50 to $3 per ton. 
Three men are employed, whose wages are, for the foreman S35 per month, and 
the other men receive $1 per day. The kiln burns 30 casks of lime per day, and 
two and a half tons of coal are burned. The work goes on throughout the year 
incessantly. The lime sells for f^om Si -12 to Si -25 per cask. Old casks are 
used, which do not cost more than 12 1-2 cents each. The casks contain from 
278 to 300 lbs. of lime, when of the large size or old casks, and 240 lbs. when the 
new casks are used. 

The lime is well burned, is cold when it comes from the kiln, and is imme- 
diately pat*ked into casks and headed up, so that the men attending the kiln are 
contuntly employed. The coal being entirely consumed before it reaches the 
drawing arches, the lime comes out cool enough to handle. 

The pieces are always examined to ascertain whether they are thoroughly burn- 
ed and free from core, and not slagged In case the rock is not well burned, it is 
returned to the kiln. This happens only when very irregular and large masses of 
the rock are thrown in. It is customary |,o break the rock into pieces about six by 
four inches, or somewhere about that size. They ought not to be too sm-\ll, be- 
cause there would be danger of fusion ; and if too large, they are not well burned. 

By the above statistics, it will appear that the cost of burning lime for one year, 
allowing 300 working days f)rthe year, will be as follows : 

Interest on cost of kiln, S900, at 6 per cent S 54.00 

Two and a half tons of coal per day, per year 2250.00 

Lime rock for 30 casks per day, at 5. cents per cask, per annum 4500.00 

Labor, I foreman, at S35 per month and 2 laborers at §1 per day 7020.00 

9,000 old lime casks at 12 1-2 cents 1125.00 

Use of horse for hoisting lime rock and carting, expenses 50 cents 150.00 

Cost per annum for 9,000 casks of lime S9,€99.00 

Therefore eachcstsk costs the manufacturer SlOl.l. 

If the lime sells for SL12.5 

Deduct cost l.Ol.l 

Profit per cask cts . . 11.4 

Or, on 9,000 casks Si, 026 for one year's profit. 

Or if the lime sells for SI 25 

l.Ol.l 
Profit per cask, per annum 23.9 — $2,151 

Shell Lime, 

Shell lime is manufactured in Johnson, by Mr. J. W. O. King, who has erected 
a kiln for the purpose near Knight's tavern. This kiln I examined, and found it 
to be 15 feet high, 5 feet in diameter at its mouth, 6 feet in the middle, and 2 feet 
at the hearth. The arch opening is 2 1-2 feet high, 'and through this opening the 
calcined shells are discharged. It contains a charge of 200 to 350 bushels shells, 
and the burning requires from 8 to 12 hours, according to the degree of completion 
required. He calcines them but 8 hours for agricultural use, and 12 hours when 
they are to be used for cement. It requires 350 lbs. of anthracite coal, e^^ size, to 
prepare a kiln of lime for agriculture, and 400 to burn the shells into quick lime. 
The coal costs $8 per ton. The shells used are the quahog and oyster, and they 
cost him eight cents per bushel, delivered at the kiln. During the pcist year he 
has burned and sold 1500 bushels of shell lime. One man only is required to 
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attend the procecs of burning. The shell lime sells for 12 1-2 cents per bushel, 
and is used to some extent in agriculture. Mr. King informed me that he had 
used this kind of lime on his land with very good results, both by spreading it 
broad-east, and also by composting it with his manures. He says that he has 
used it on uplands and or meadows, and on corn, oats, potatoes, and grass, and 
considers it of great value as a top dressing. It would be easy to make a perpetual 
kiln afler this model ; or, perhaps, it would be more economical to build one of 
large dimensions, as much fuel may be saved in large operations. 

Dexter Rock. 
At this rock ten kilns of lime are burnt per annum, and there are two lime kilns 
in use. each of which contains 500 casks of lime. No less than 10,000 casks of 
lime have annually been sold from these kilns during the last forty years. The 
establishment is ancient, the rock having been quarried and burnt for more than 
eighty years. It was leased to a number of individuals, and by them under-let 
to others. Mr. George Smith furnished me with the following estimate of the cost 
and profit on burning 500 casks of lime at this place : 

Ninety cords of wood, $5 S450.00 

duarrying 500 casks of rock 100.00 

Carting 50.00 

Packing and burning 75.00 

Transportation to Providence 100.00 

500 casks, at 45 cents *..... 225.00 

Lease 2.25 



$1002.25 

Commission, one shilling per cask. 

The Smithfield lime kilns are capable of burning 450 casks of lime at a time. 
They are eleven feet in diameter at the top, bulge in the middle to fourteen feet, 
and then contract at the bottom to eight feet. The height from hearth to top is 
twenty-one feet, and the depth back from front to rear is, at the bottom, fourteen 
feet. Beneath the kiln there is an ash pit, or drop arch, which is kept free from 
ashes by a scraper. During the burning, a fire-door above closes the opening, 
when wood is thrown in. 

Near the Smith Mansion House, about twenty rods to the eastward, there is a 
bed of limestone, two rods wide. There is also a lime kiln ten feet in diameter 
and twenty feet high, capable of burning 500 casks of lime at a cl^arge. 

Estimate of expenses and profits in burning 450 casks of lime: 

Cost of rock quarried, 77 cents per cask, $ 346 50 

Carting and filling the kiln 30.00 

Attendance S24, filling out ^13.50 37.50 

450 lime casks, at 45 cents 202.50 

60 cords of wood, at $5 300.00 

Extra expenses, pointing kiln, &c 10.00 

Cost of 450 casks of lime at kiln % 926.50 

Carting to Providence, at 20 cents 90.00 

$1,016.50 

Sell in Providence at 14 shillings per cask 1,050 58 

Cost 1,080.50 

Two per cent, off for guarantee on sales .- 34 08 

21.00 

Net profit in burning 450 casks of lime $ 13.08 
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In this estimate we must consider that employment is ftirnished to the persons 
conr-erned. and that they estimate iheir wa^es as if employed by others, so we 
have to consider $13.08 as the clear cash prufit beyond labor 

Cost of Marling. 

The cost of marling will depend upon : 

1. The depth of the marl beneath the surface. 

2. The presence or absence of water from the marl pits. 

3. The distance to which the marl must be transported. 

4. The physical state of the marl, whether in hard masses 
or in powden The masses, if not very hard, may be bro- 
ken with an axe or hammer ; if, however, they do not fall 
readily into powder when -struck with a hammer, and espe- 
cially if the marl is composed almost entirely of fossil shells, 
it should be crushed to a fine powder, in mortars similar to 
those used in beating rice. 

5. The amounts of the carbonate and phosphate of lime, 
which determine in great measure the quantity of marl 
which should be applied to each acre. It is evident that 
rich marl will cost comparatively much less than poor marl 
for a less quantity will accomplish the same effects. . 

6. The cost of labor. 

Upon hundreds of thousands of acres of good cultivated 
land in Georgia, marl and shell limestone may be obtained 
from the hill sides and beds of the streams, without anv 
excavation, as upon the plantation of Capt. Mathew McCul- 
lers, in Burke county, and upon the plantation of Dr. J. M. 
Jones, near the Limestone Spring, and upon the plantation 
of Mr. Sneed, in Washington counties, and along the banks 
of various rivers, as the Savannah and Ogeechee, and of 
various streams, as Briar creek and Buck-head creek. 

With reference to the depth at which it would be profit- 
able to excavate for marl, Mr. Ruffin, in his agricultural 
report on South Carolina, gives, in the followii.g quotation, 
his opinion of the cost of working this tertiary lime forma- 
tion of South Carolina, which is identical with that of 
Georgia : 

" Where the marl is naturally exposed on the plantations 
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on which it is to he applied, and is as easily to he worked 
as on most lands when so exposed, the labor of marling in 
South Carolina would cost much less than on any lands of 
as great extent I have known elsewhere. Add to this 
abundance of marl, and to its easy access, its far greater 
richness than the ordinary marls of Virginia, and the gen- 
eral expense of an equally effective dressing, will, in the 
former country, scarcely equal one-third ot the ordinary 
expense in the latter, so far as to the plantations having 
within their bounds rich and easily accessible marl. In 
regard to others less favored in position, the proprietors 
might profit by transporting to them rich marl more than 
one hundred miles by navis^able river, or ten miles, at least, 
by land carriage. tJnslacked quick lime, whether from 
shells or marl, or lime stone, might well pay much heavier 
costs of transportation. 

In the much larger portion of the lands of the marl re- 
gion, though the marl may not be visible, it would proba- 
bly be reached somewhere, on every plantation, at a depth 
of from twelve to thirty feet. And even if as deep as thir- 
ty feet below the surface, still, if veins of spring water can 
be excluded, the accumulation kept drawn off without too 
much labor, then it would be cheaper to draw up marl from 
below this depth, and even as low as sixty feet, than to cart 
it three iniles. The texture of the great Carolinian bed is 
so firm, and the thickness of the bed so great, that an ex- 
cavation may safely be made in it, widening as it descends, 
so as to be in form like an inverted cone or funnel, of 
which the narrow pipe would represent the cylindrical well, 
dug through the overlying earth, expanded to a conical 
shape below, in the boay of the marl. If no considerable 
veins of water should flow into such an excavation, it might 
safely be stretched to any desired depth and proportional 
breadth ; and the marl (and water) be easily drawn out by 
horse power or steam engines, in the manner of raising coal. 
* * * If the occurrence of water cannot be avoided, 
before reaching the marl (which may be ascertained by the 
use of the auger, then perhaps the water may be avoided 
either by digging pits in alluvial swamps of close soil, which 
is rarely traversed by veins of springs, or otherwise at the 
edge of the high land, below or away from where the 
springs burst out and flow off on either side." 

According to the testimony of Francis S. Holmes, Esq., 
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which we have presented in full, in a former chapter, the 
cost of marling each acre was $1.76, and the average cost of 
each bushel of marl was 1 cent and 3-4 of a cent. 

Honorable J. H. Hammond, in the experiments wMch 
we have recorded in a former chapter, estimates tliat lie 
marl which he boated 12 miles up the Savannah riv,Qr, QQ^t 
him two cents per bushel, delivered at his bluff, : ... - i 

Professor Phillip Tyson, agricultural cheniist'-bf -Mary- 
land, states in his recent report that the ffi^Wfe 6^t1iis:^'^te 
can be delivered on board of vessels for. two '.cents';^ 
bushel, including a fairipro.fitjuiwd c^ J?^, ^elfe^^^^ 
points fifty and sixty mile^f^ distint foii four,.cents ;i-ai2>d im 
his opitii6n these midrls aitei/wr^A-wi^ethiife-tTief Jersey gl-leeii 
sand, which is purchased by farmers fe^dfngjfttptliits dis- 
tant 'fi*bm tl{6 ^i;ts,'ut k co^t (int^liiaiti^ trati'8i)rfrtatioii1 'of 10 
to 12, cents per, DushjBl. . - r - . 

j;We JiajYe 3)efpii$ ^hQwfti^iat the,(^gorgiajnQLaifl8..^e^eq]i^l 
and superi(M.to,the MarylaBJdaiaaj:*ls.:.n-,.- ...u .,l.j j^n .j 

*Tt« -ftfHb^Wng :prifee»iesbay,'^ Which we h^v^ teKtaracted 
6nti^'*'frbcr thfe* Journal* of ^ ^h© ••Koyai'^'AgrictHui^at 
Spqiely.pfiepgTanJ,^^^^^^ 

cQst s>£ marlilig is EAglasid^ ^^ ^ell. as ^9f;1i&e fl}qA?,.emp%. 
ed withj^ucceBS,jby.niBny jEarmerBi i .i>i.... *„... ...ij^..,. 

An ahoonnt"tlf ih>e T^4tnspoiiM(m aind'*^ AdmixivJIlsi ofi.SoifSt aiiiv^ike ^^U cation 

i By William Lintdn.t Prize Essau. \ \ ■ • .' . 

. iHiying, Kai several yjpirs exjpCTience i^q nj€trlin|;, oi| tl^e,|idrnixture pf jjlay wi(h 
sa^d,;I vemure tp give a practical account ^nd a detail of my method : in doing 

whrchjl snail notice— **"'' - -' *' ' ' " ' V --J- • -- - 

' '^I^r^; *Thfe delcri^tioii d( the fend clayed 'over. ^ » ... .i -»..». , i ^ i / 1 ,... 

T ^edondlyi *Tlieikindiof-olay drauBBl-4a«edL. ^». . i — x. .. .ij i. .w* , .i.ji \ 

I JJiirdJjMStet^qf (hp lefl^.^.O$l S^**on5>Ohe.year^wJ}fp dpnq. , _ ,. , 

j F<)uftHl^. Ctupnjit^ Utid on, tl|e way^ of doing, it, and the expense per acrq. 

Fifthly, ^hereaiilt." '' ' 
: "1st. Thi dds6fli!)fi6n (tff Idiid tilaydd'ove^ w&^ u v«ry rij^htibah-fen'sand; so W 
^en fthat it' nev^r hod* been* C4ilti vatM to profit, bpt bad iprovcxl^a- U>si«^ coiceriv io 
all Ihiithad engaged im it, .bp.th. landlord iwA tenanA-ji -^bowtj on^tfi^i^ iP^rt.fVP? 
ent^jely out of cultiy,^tion, and ^rown ov^ with, ling, gqr^, &c Th^ sub-stratunj 
is a white sand, varying in depth frJm 1 to 4- feet. The eurface was of tKe same 
texture, biit' darker In^ its coldr, through 'the' d^cohofflositipfttf vei:*eta^le rtpj^f 
upon it. Beneath the bcfd of- s^hd lay a ^jrellowi^ft l()nd 6f- «la^,abdut .en^ foot 

'VoajnaJ.qf tfef lUiygl .AgKicujtuifal Society^ pfEpjglai^, y9l. %j^i§l^}M\. 
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thick ; under it a rick marl about 18 feet deep. The land generally being yery 
wet, my first object was to underdrain it thoroughly with tiles ; unless this is first 
done where necessary, marling is a waste of capital. I cut my drains about 24 
inches deep and 9 yards apart. 

2d. The kind of clay used. This being plentiful in nearly all part's of the farm, 
but varying in depth from the surface, was more or less diffinuh to get. The first 
twelve inches under the sand was an inferior yellowish clay ; under it a bed 
about 18 feet, as already stated, of rich dark colored marly clay, having in it a soft 
stone, which had the appearance of lime, and pIso a la rfi:e quantity of cobble-stones. 
This clay and soft stone, when dissolved in vinegar and water, efiervesced nearly 
as tartaric acid and carbonate of soda do when mixed tos^ether in water; this was 
my test that it contained a quantity of alkali, which rendered it fit for my purpose, 
and worthy the name of marl. The top, or yellow clay, dissolved without efior- 
vescing. 1 consider that on the proper testing and selection of the clay or marl, 
chiefly depends the success of marling operations. All clay will do good, no 
doubt; but on the quality used must rest the amount of benefit obtained. 

3d. The state of the land and the season of the year when done. I have already 
stated that the land was first drained ; in the next place it was made completely 
by the plongh, harrows, and in some places spade, after which it was ready for 
the marl being laid on, which was done at all times of the year For the first two 
years I made naked summer fallows, and laid the clay on in July and Augusr ; 
but after getting the land into a regular course of crops (viz: the four-course sys- 
tem) I then did he work when in seeds in the same months, which I continued to 
do as much as possible afterwards, for the following reasons : Fifst, to avoid the 
great injury done to the land by such heavy carting when in fallow, which was 
visible m some places the two or three succeeding crops. Secondly, from the loss 
sustained from having a fallaw instead of a crop of turnips; and, thirdly, firom the 
cartage being so much easier when in seeds than when in fallow. 

The land which was out of cultivation, was pared and burnt with a hope of 
getting a crop of turnips, but in this I was disappointed. It was also drained and 
levelled before marl.ng. 

4th. The quantity laid on, the way in which it was done, and the expense per 
acre. The quantity laid on depended upon the quality of the land, and varied 
from 100 to 200 cubic yards per acre; the average was 150 yards. When the 
land was very light and barren (which was mo.^tly the case in elevated parts), a 
larger quantity was laid on; but when it was a better soil, a much Jess quantity 
answered the same purpose ; my object being to lay just as much as would grow 
wheat after seeds. To do more than this would not only have been an injury to 
the land for eating turnips upon it with sheep and for the barley crop, but also a 
waste of money in extra expense. When sufficiently clayed to grow wheat after 
seeds, a point requiring close attention, I always found it effectually done for any 
other c<x>p. 

The way in which it was done. It was necessary, in the first place, to fix 
upon the most favorable situation for the pit, keeping three objects in view. 1st. 
The most convenient place for carting to the plot of land intended to be marled. 
2d. The best situation for a pond to answer for a permanent watering place ; cut- 
ting, if possible, across a fence so as to water two fields, one firom each mouth of 
the pit. 3d. Where the clay could be got with least difficulty. After the place 
was fixed upon, the work was carried on by five diggers, a driver, four horses or 
beasts, and two carts (which are of the Scotch kind, with short bodies and broad 
wheels). 

The pit was dug with a gradual descent, so that three horses could draw out 
about a ton, which was shot out where wanted, the cart returning by the time 
the other was loaded ; thus three horses were always ready for the loaded cart 
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The ciay was spread by the diggers at broken tinnes, after being exposed to the 
action of the air; rain afier either frosty or droughty weitner, would cause it to 
fall to p eces sufficiently for harrowm^ and plough ngin. The expense I piid for 
digging, filling the orts, and spreading, was from 4d. to 5d. per cubic yard (full I 
ton), varying according to the quantity of stones imbedded in the clay as before 
noticed The total expense upon an acre having 150 yards Idid upon it, was as 
follows : £ 8. d. 

Digging and spreading 150 yards, at 4 l-2d per yard 2 16 3 

Fonr horses, four days, 2s 6d. Ciich, lOa. per day 2 

Driver, four days, at 2s 6d. per day 10 

Other expenses (wear and tear 3 

Total expenses in ma'^ling one acre 5 9 3 

In this way T marled 80 acres, but afterwards hit upon another plan in which I 
found a threat savin^; to my horses, as in the wet season of the year it Wds h'-avy 
work for them to draw the ca'ts out of the pits. I got a windUss made on the 
same principle as the one u^ed for the draining i^lou^h, which I fixed upon a plat- 
form 10 yards from the centre of the mouth of the pit; the platform was formed of 
the sand taken from above the marl, and was elevated two feet above the surfdce 
of the ground. The expense per acre when the windlass was used, was — 

£ 8. d. 

Digging and spreading 150 yards, at 4 l-2d per yard .... 2 16 3 

^Three horses four days, at 28. 6d. each, 7s. 6d. per day . . I 10 

Lad to drive horse in windlass, 4 days, at Is 4 

Driver for carts, 4 days, at 2s. 6d 10 

Wear and tear 2 

Total expense per acre, when windlass was used 5 2 3 

Total expense per acre when common carts are used 5 9 3 

Saving 7 

The advantage is not pecuniary alone, but the heavy drag and difficulty in get- 
ting out of the pit is also avoided ; and one-third less land is^taken up by the pit, 
as it can be dug much deeper, and to any depth, whilst no difficulty arises in 
getting out with the loads, even with an inferior horse. The same number of 
diggers are required. 

Fifthly, The result. I have already described the land as being light, and of a 
very inferior kind ; this the crops went to prove, which were generally overgrown 
with the greatest variety of annual weeds, the growth of which apparently no 
culture could prevent ; but in no instance have they ever made their appearance 
after the land was clayed over. I cannot give an account of the rotation of crops ; 
previous to marling no regular system could be adopted. It was usual to allow 
the seeds to remain four or five years unploughed for the sake of ridding the land 
of the weeds, after which a crop of oats was taken, which would not average more 
than 3 1-2 quarters per acre. Then followed a fallow, which was sown with rye, 
and sometimes with turnips, but the land being generally undrained, the latter 
crop often proved a failure. Barley was sown after the turnips also grass or clover 
seeds. 

The produce in four years could not be stated at more per acre than — 

* One horse was used for the windlass, and the other two for taking away the 
loaded carts. 
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£ 8. 

First year— tuf nip fallow 4 

Second year— barley or rye 4 

Third year— seeds depastured 2 

Fourth year — oats, barley or rye 3 

14 ' 7 

The same land is now cultivated to the best advantage under the four-course 
system or rotation of crops. All the fallows are sown with turnips, after which 
follow barley, seeds which are depastured, and then wheat, which finishes the 
course of crops. I will here give the produce of four years, after marling upon 
f^illnw, and four years after marling upon seeds: 

First year— fallow 

Second year — wheat, 29 bushels, at 7s. per bushel, 10 3 

Third year — Seeds depastured 4 4 

Fourth year — wheat, 24 bushels, at 7s per bushel.. 8 8 

Produce in four years when marled upon f .How . .22 15 

£ s. d. 

First year — wheat, 24 bushels per acre, 78 per bus., 8 8 

Second year — fallow turnips 4 15 

Third year — oats, 52 bushels, at 23s. per quarter.. 7 9 6 

Fourth year — seeds depastured 4 4 

Produce when marled upon seeds 24 16 6 

22 15 

Kalance in favor of marling upon seeds 2 1 6 

The produce after marling in four years 24 16 6 

The produce before marling in four years 14 7 

10 9 6 

The balance of £2 Is. Gd. in favor of marling upon seeds, does not show that 
there is any advantage in it over that of making a naked fallow for that purpose, 
as more than that ought to be deducted for the cultivation of the turnip erop, 
which would not occur in a naked fallow. But when a naked fallow is made for 
the purpose of marUng the land, then two wheat crops occur in four years, which, 
notwithstanding it here makes the produce run much higher in the four years 
than it otherwise would do, could not be long practised with any advantage what- 
ever to the farmer. 

The balance of £10 9s. 6d. in favor of marlirg, needs no comment But in 
stating these results, I must refer to the comparative merits of the two diiferent 
kinds of clay used, not by any chemical definition, but from actual experience 
The clay, whether laid upon seeds or fallow, was shot out in loads as already 
stated, then spread as equally as possible, but on account of the large size of the 
pieces of clay, the land could neither be ploui^hed nor harrowed until it had first 
dried, then become wet or frozen, and then thawed. After this it was harrowed. 
The best or dark colored clay will fall i .ng before the top or yellow sort, which is 
not so easily pulverised. The first named is very productive of itself, but the 
other requires some stimulant to produce a crop. 

If laid upon seeds the land was only ploughed once in October, and drilled in 
the same month with wheat. When upon filiow it was ploughed two or three 
times, and well mixed up with the sand, and also sown with wheat In this way 
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a good crop was realized without any other manure; but wherever fold-yard 
manure was applied, the crop was very abundant. On parts of the fcurm, turnips 
were often destroyed by grubs, before the land was clayed over, but in no instance 
have they since ; neither have they been destroyed by any, other insect, except in 
1836, when a few black caterpillars were upon them. A moiety of the Swedes 
are drained off, but the whole of the white turnips are eaten upon the land with 
sheep. I find no manure to surpass that from the fold-yard. I tri^, by way of 
experiment, rape-dust, bones and fold-yard manure. The turnips sown with bones 
and fold-yard manure were equally good, but those with rape-dust were decidedly 
the worst. 

The land is never so productive the first two years, or until the clay has got 
well pulverized and mix^ with the sand, as it is afterwards, and will not grow a 
good crop or a fine sample of barley for five or six years after the clay is laid on. 
1 havej therefore, sown oats instead. 

It is thought by some people that the clay will waste away and require to be 
renewed in the course of fifty years, or perhaps sooner. On this head I have no 
apprehensions but am confident that if after the lapse of twenty or thirty years, 
there were not a particle of clay remaining, the land will have acquired sufficient 
quality and strength in itself to p oduce a crop of any kind of grain 

I am led to this conclusion from my own observations, and think it one that 
may readily be arrived at by others on referring to the statement of the produce, 
which is considerably within what I might have stated, had I selected the leading 
or best crops. This increase in the produce (which is double what it was) returns 
in part to the land under the four course system. 

It may not be necessary for me to add more, as enough has already been adduced 
to increase exertion in making such improvements upon light sands. I have to 
regret that I did not commence the above improvements with more determination 
and to a greater extent from the first ; but, being inexperienced in the business, 
and having but little information on the subject, I was desirous of finding out the 
best way of doing the work, and of trying the result before I went to any extent 
If people would improve the land they have', particularly light land, by draining, 
marling, &c., they would realize a far greater return for the outlay than by pur- 
chasing more. It is a great national loss, and much to be regretted, that so 
much land capable of being made really good, should lie waste, having a good 
drainage and a plentiful supply of excellent clay beneath, which is gene ally the 
case when there is a white sandy surface. 

Inferior lands, and especialty light sands, ought not to remain untitled ; but, for 
the common benefit ot the owner, the occupier, and the consumer of the produce, 
they should be brought into cultivation. 

Practical JRules for the Application of Limestones^ Marls, 

Oyster Shells and Lime. 

1. Limestones which contain a large proportion of mag- 
nesia, should be crushed and applied in the natural state 
to the land. If these limestones be burned, the magnesia 
will prove too caustic for the exhausted lands of Georgia. 
The Magnesian limestones are found principally in the 
northwestern portions of Georgia. The shell limestones 
and marls of the tertiary formation of Georgia, contain but 
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small proportions of magnesia, and hence this rule does not 
apply to them ; when burned, they may be considered as 
almost invariably composed chiefly of lime, with varying 
proportions of the phosphate of lime and silicates of ahi- 
mina and lime, with small quantities of oxide of iron and sili- 
cates of potassa and soda. 

2. The Limestones and Marls which contain the largest 
quantities of the Phosphates and Silicates, will prove more 
valuable additions to land than the pure Limestones, be- 
cause the Silicates contain valuable fertilizing agents, which 
are absent in the pure Limestone, and because larger quan- 
tities can be applied to each acre, and consequently much 
larger quantities of the Phosphates will be applied in the 
increased applications of the Marls and Limestones, com- 
paratively rich in the Silicates and Phosphates, and compa- 
ratively poor in the Carbonate of Lime. This rules applies 
more especially to plantations upon which there are natural 
deposits of Limestone and Marl ; for if it be necessary to 
transport the Marl or Limestone for any distance by water or 
land, those should be chosen which are richest in the Car- 
bonate and Phosphate of Lime, for at the present rates of 
railroad carriage in Georgia, the cost of transportation would 
more than counterbalance the advantage arising from an 
increased application of the Silicates. 

3. Larger applications of calcareous manures may be 
made to lands rich in organic matters than to poor and 
exhausted lands. The best effects of Lime will be manifest- 
ed upon freshly cleared land — rich in organic matters. 
Marl and Limestone, containing as much as 80 per cent, of 
Carbonate of Lime, should not be applied to the exhausted 
lands of Georgia in larger proportions than 150 bushels to 
the acre. The deposits of the swamps contiguous to Marl 
beds and strata of Limestone, both in the tertiary forma- 
tion and in the older fossiliferous formations of Georgia, 
frequently contain from 6 to 15 per cent, of Carbonate of 
Lime, intimately mixed with vegetable matters, anima- 
cules and clay — such deposits may be applied to the sur- 

13 
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rounding sandy hills in the proportion of from 400 to 1000 
bushels. 

4. Land which has been in continuous cultivation, should, 
if possible, be allowed to rest for one year before the appli- 
cation of Lime, Marls and Limestone, and the applicatirn 
should be made in the fall of the year, when the ground is 
covered with vegetation; and the land should then be 
rested for one year. 

5. The question as to the best form in which calcareous 
manures should be applied to the land, must be determined 
by the character of the land — ^the length and character of 
previous cultivation. Freshly cleared lands, abounding 
with vegetable matters and stiff clay lands, will be more 
benefited by caustic lime than sandy soils. It should be 
borne in mind by the planter that Caustic Lime should be 
applied in not more than from 1-5 to 1-2 the quantities of 
Marl and Limestone. An excellent mode of applying lime 
is to mix the unslaked lime, hot from the kiln, with clay 
and peat or swamp deposit, and allow the mixture to stand 
for several months before spreading upon the fields. The 
Lime will decompose the insoluble silicates of the clay, 
render soluble the organic matters of the peat and swamp 
deposits, and liberate the inorganic salts. The method of 
employing peat and the deposit of swamps in conjunction 
with lime, will be more fully, described in the chapter 
devoted especially to these manures. In the compost form 
the same amount of Lime acts more immediately and ener- 
getically; and it has been found by experimental agricul- 
turists in France and Flanders, that a much smaller pro- 
portion of Lime laid on in the compost form will produce 
equal effects. In the department of L'Ain, in France, the 
Lime in its caustic state is covered with earth and allowed 
to remain until it is slaked, when the earth and it are 
intimately mixed, and after having rested for a fortnight, 
are again thoroughly incorporated ; in this state they 
remain for another fortnight, when the whole is unifoimly 
distributed over the ground. In Flanders the Lime is 
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usually mixed with the ashes of bituminous coal or turf, or 
formed into a compost with other manures, and the quan- 
tity of lime thus applied is from forty to fifty bushels to the 
acre, and the dressing is not repeated oftener than once in 
ten or twelve years. In the department of La Sarthe, the 
lime is applied in the form of compost, at the rate of only 
twelve bushels to the acre, once in three years ; and in the 
opinion of many most practical and successful agriculturists, 
this method is not only the least expensive, but is the best. 
If stable or cowpen manure be mixed with alternate layers 
of Limestone or Marl, or even with mortar of old buildings, 
kept under cover, and occasionally watered with urine, or 
even with pure water, for several months, the nitrogen pf 
the manure will be converted by slow oxydation into nitric 
acid, which will unite with the Lime and form nitrate of 
lime. K after the formation of the Mtrate of Lime, ordi- 
nary wood ashes be added, the Carbonic Acid of the ashes 
will unite with the Lime and form the Carbonate of Lime, 
whilst the Nitric Acid will combine with the Soda and 
Potassa of the ashes and form the Nitrates of Soda and 
Potassa. These nitrates are most valuable and energetic 
fertilizing agents. It will then be advisable to compost a 
portion of the manure upon each plantation with Marl. We 
shall subsequently give the results of experiments upon the 
action of these nitrates. 

6. Marl, Limestones and Lime should be applied broad- 
cast upon the surface. We have before explained the 
reasons for this rule. 

7. The full effects of manure can never be obtained with- 
out a sufficiency of Lime in the soil. The soils of Georgia, 
even in the Limestone and Marl regions are deficient in 
Lime, and hence we would recommend the universal appli- 
cation of calcareous manures in the quantities just specified 
as the best and only basis for the regeneration of the lands 

of Georgia. 

8. Calcareous manures should never be relied upon alone. 

Manure should be as liberally and as constantly used after 
, their application as before. 



196 Tertiary Lime Formation 

9. Marl and Limestone and powdered Oyster Shells may 
be applied to the land at the same time with manures con- 
taining Ammonia, and in fact may with advantage be com- 
posted with cow-pen and stable manure, as we have shown 
under the 5th rule; it would, however, be improper to mix 
Caustic Lime with manures containing Ammonia, for it 
would cause the escape of this valuable fertilizing agent- 
The rules which we have given apply, therefore, to the 
composting of caustic lime with peat, clay, swamp deposits, 
and decaying leaves and organic compounds of forests. 
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CHArTER XI. 



Other sov/rces of Phosphate of Lime vn Georgia — Joint Cluy 
of the Eocene Formation. Kaolin Clay of Georgia and, 
South Carolina. 

We have before alluded to tlie occurrence of a peculiar 
kind of clay, which in Burke, Washington, Jefferson, and 
other counties in the Tertiary formation of Georgia rests upon 
the Shell Limestone of the Eocene formation. This argilla- 
ceous deposit is called in some sections joint clay, from its 
tendency to split up into small fragments ; in other sections of 
the country, and especially in some of the counties of Alabama 
where it is found, it is called Rotten Limestone on account of 
its supposed identity with the Shell Limestone formation upon 
which its rests. 

The analyses which we will present will show that the name 
Rotten Limestone is inappropriate, for it is composed almost 
entirely of silicates and silicious sand, and does not contain 
sufficient lime to place it even amongst the class of Marls. 
Joint clay is the best name, for it not only correctly charac- 
terizes the compound as belonging to the class of clays, but is 
also expressive of a quality which distinguishes it from other 
clays. The property of cracking and breaking up into small 
fragments, when it is thrown out upon the surface, appears to 
be due in great measure, to the large amount of white an- 
gular sand, which is not uniformly distributed through the 
mass, and to the peculiar chemical constitution of the white 
clay, which renders it less cohesive than the ordinary varieties 
of clay. 
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Although this formation overlies the fossiliferous beds of the 
Eocene, which are composed almost entirely of fossil shells, 
and remains of extinct vertebrate and invertebrate animals, 
still it is almost entirely devoid of fossils, and the few remains 
which are found in it appear to be mere casts. 

Under the microscope the particles ot sand found in this clay 
are angular and not water worn, and it would appear that this 
deposit had been formed in a deep still sea ; and yet if this was 
its origin, why should the marine deposit upon which it rests 
be composed almost entirely of organic remains, whilst they are 
absent from this the succeeding strata. We can satisfactorily 
explain this great difference between the two formations only 
by supposing that after the formation of the fossiliferous beds 
of the Eocene, stich a change either in the elevation or in the ch- 
matic and physical relations of the Eocene sea took place, that 
but few organized animals were able to exist during the depo- 
sition of the joint clay. 

If the bed of the Eocene had been elevated out of the 
waters, and then again depressed, the joint clay was deposited 
just after the depression, before animals could have repeopled 
the new territory again restored to the sea. 

As far as my examination extends it appears that in many 
localities this joint clay has been greatly denuded and washed 
away in the valleys and low grounds, and is thickest upon the 
hills. As far as I have examined the deposit in Georgia, it 
appears to vary in thickness from 10 to 60 feet. 

As this clay underlies immense tracts of country in South 
Carolina, Georgia and Alabama, it is of great moment that its 
agricultural relations should be determined. 

Analysis 29. wkpte joint clay from burke county, 

GEORGIA. plantation OF J. V. JONES, ESQ. 

100 parts contain. 

" Carbonate of Lime, trace. 

Phosphate of Lime, no trace. 

Phosphate of Iron, no trace. 

Phosphate of Alumina no trace. 

Sulphate of Lime, 0.008 

Chlorides, 0.050 

Soda and Potassa, traces. 

Silicic Acid and Silicates, 0.073 



Matters Soluble 
in Water 0.142. 



Matters Soluble 
in Hydrochlo- 
ric Acid, 
10.459 
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Carbonate of Lime 0.501 1 Lime,. . . .0.280 

j Car. Acid, 0.221 

( Sulphate of Lime, trace. 

Lime, . . 1 
O of L-'n I 6.398 
^ Alumna 
Ph Acid 



I Phosphates of Lime,. . . 
( Iron and Alumina 7.Y04 



J 



1.306 



Carbonate of Magnesia trace. 

Silicic Acid, ! 2.296 

J Alkalies, Soda and Potassa, 169 

Insoluble Silicates, chiefly Silicate of Alumina, con- 
taining also Silicates of Lime, Soda and Potassa,. . . .54.173 

White Silicious Sand, 28.461 

Water as Moisture, 6.264 

From this analysis we see that this white Joint Clay is capa- 
ble of yielding nearly 1 1-2 per cent, of Phosphoric Acid. 

PHOSPHORIC ACID. 

One Ton (2000 pounds) of Joint Clay will yield. . 26.12 lbs. 



100 bushels, 










... 130.60 lbs. 


20C bushels, 










... 261.20 lbs. 


300 bushels. 










... 391.80 lbs. 


400 bushels, 










... 522.40 lbs. 


500 bushels. 










. . . 653.00 bis. 


1000 bushels, 










..1306.00 lbs. 



This analysis reveals another most important and valuable 
ftict to the agriculturist — this white joint clay contains more 
than two per cent of Soluble Silicic Acid. 

SOLUBLE SILICIC ACID. 

One Ton (2000 pounds) of Joint Clay will yield. . 45.92 lbs. 



100 bushels. 










. . . 229.60 lbs. 


200 busliels, 




... 459.20 lbs. 


300 bushels, 
400 busliels, 
500 bushels, 




.. 688.80 lbs. 
... 918.40 lbs. 
...1148.00 lbs. 


1000 bushels, 




. . . 2296.00 lbs. 



The proportion of alkalies in this joint clay will also add to 
its value. 

It is evident from this examination that this deposit of joint 
clay will prove a most valuable addition to sandy lands. We 
would recommend its application in quantities of from 500 to 
2000 bushels to the acre, according to the character of the land. 
It should be applied broad cast in the fall of the year, and 
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allowed to remain upon the surface until the preparation of 
the land for planting. 

The eflfect of both the clay and the lime will be increased 
by mixing either the Shell Limestone or Marl, or better still, 
unslaked lime, together, and allowing them to remain togeth- 
er under cover for several months. 

The effect of the lime will be to decompose the insoluble 
Silicates, and render them soluble, and thus fit for absorption 
by the gi'owing plant. 

This clay will prove an inexhaustible source of fertility, for 
it exists in inexhaustible quantities, and on plantations in those 
counties where it abounds, as in Burke, Jefferson and Wash- 
ington counties, may be reached by an excavation of only a 
few feet. 

The following is the section of the hill from which this spe- 
cimen was obtained : 

Surface Soil, 12 inches. 

Yellow Clav and Sand, 2 feet. 

Joint Clay, 50 feet. 

Shell Limestone, X3ndetermined. 

Light Green Joint Clay overlying the Green Marl No. 1, 
which occurs on the plantation of J. V. Jones, Esq. in Burke 
county, Georgia. The bed of Green Joint Clay was about 
two feet in thickness. 

SECTIOX. 

Sandy Soil, , 2 feet. 

Yellow Clay and Sand, • 3 feet. 

Joint Clay, White and Red, 33 feet. 

Green and Yellow Joint Clay, 2 feet. 

Green Marl, Undetermined. 

This bed of Green Joint Clay was more tenacious than that 
usually found in Burke county. Small portions of the bed 
contained much sand, whilst the greater portion was composed 
chiefly of this clay colored green by the Silicate of Iron. No 
green grains like those found in the green sands of New Jer- 
sey, Alabama and Europe could be detected in it. We have 
designated the color of this bed as light green, this is the char- 
acteristic but not the universal color, for portions presented a 
milky white and others a mottled yellow, white, reddish browh 
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and green color, due to the admixture of the green clay, white 
clay, sand and Oxide of Iron. 

ANALYSIS 30. 

"^ Phosphate Lime, trace. 

Carbonare of Lime, trace. 

Carbonate of Magnesia, no trace. 

Sulphate of Lime, no trace. 

Matters Soluble in Water 0.217 \ Sulphuric Acid, feiint trace. 

Chlorides, 0.090 

I Silicic Acid, ) 

I Alumina and Alkaline Saits,. > 0.126 

J 
Phosphate of Limc,\ Lime, Iron, Al- J 

Iron, Alumina and ! umina and Mag- ^ 

Magnesia, .. 1.343 .' nesia, ) 5.^ 

J Phosphoric Acid,. 0.827 

Carbonate of Lime, 1 .700 

>. Carbonate of Magnesia, 0.600 

Sulphate of Lime, 0.060 

Silicic Acid, ^ 

Peroxlide of Iron, . . . . ! 1 p»i 7 

Protoxide of Iron,. . . j 

Alumina, J 

Insoluble Silicates containing small quantities of Soda and Potassa, and ) 

also Lime, J 71.672 

Silicious Sand, ) 

Water as Moisture, , 11.891 

This clay will yield more than one per cent of the Phos- 
phate and near one per cent of Phosphoric Acid. 

PHOSPHORIC ACID 

One Ton of Green Joi lU Clay will yield 1 6.54 lbs. 

100 bushels " " " '* " 82.70 lbs. 

SOObushels " " *' " '* 165.40 lbs. 

SOObushels •' " " " " 247.10 lbs. 

400bushels " '^ " " •' 330.80 lbs. 

SOObushels " '^ " " " 413.50 lbs. 

lOOObushels " " " " " 827.00 lbs. 

The amount of soluble Silica in this bed of Joint Clay was 
less than in the White Joint Clay, and the cause of this dif- 
ference seemed to be that in the Green Clay, the Silicic Acid 
had united with Iron, whilst in the white clay the Oxide of 
Iron and the Silicic Acid were ununited. The bed of green 
clay although occurring in the same ridge of elevated land, 
was nevertheless older and had been subjected to a greater 
number of changes, for it rested immediately upon the Shell 
Limestone formation, whilst the sample of white joint clay 
w&s taken from the bed 25 feet from the surface of the earth. 
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and 25 feet above the bed of Shell Limestone. We would 
recommend the application of this" green joint clay to sandy 
lands in the same or greater quantities, and in a similar man- 
ner with the white joint clay. 

CONCLUSIONS. 

(!) The joint clay of the Eocene formation of Georgia con- 
tains inexhaustible supplies of the Phosphates. 

(2) The joint clay of the Eocene formation of Georgia con- 
tains all the inorganic elements necessaiy for plants and ani- 
mals. 

As far as my investigations have extended, the great fer- 
tility of the soil of Burke and Washington upon the hills and 
elevated land is due to the admixture with the soil of this 
joint clay and not to the mixture of the Shell Limestone which 
lies beneath. The low lands and river bottoms of those coun- 
ties containing the Shell Limestone formation have without 
doubt, received elements of fertility from the washing of both 
the joint clay and the Shell Limestones and Marls, for tlie 
waters of the streams flowing through these formations are 
impregnated with the salts of lime, and the deposits from 
these waters have been correspondingly impregnated with the 
salts of lime. 

3. If properly incorporated with sandy lands, the joint clay 
of the Eocene formation of Georgia will greatly increase their 
fertility, and render land which is now almost worthless, high- 
ly productive. There are thousands of acres of barren sandy 
lands which lie in many cases upon this disposit ; the discov- 
ery therefore of the agricultural value of the joint clay is of 
importance to the State of Georgia. 

It would be highly important and iiiteresting to consider in 
this connection the agricultural and commercial relations of 
the other deposits of clay in Georgia ; we are compelled how- 
ever to defer the extended examination of the clays of Geor- 
gia to a subsequent report, and will content ourselves with a 
brief notice of the kaolin clay of the Eocene formatioii. 

Extensive beds of the finest kaolin clay are found both in 
Georgia and South Carolina in the Tertiary formation, near 
its junction with the primary formation. 
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In 1857, a Company, with $80,000 capital, was formed in 
Augusta, Georgia, for the working of a valuable bed of kao- 
lin in Edgefield District, S. C, six miles from Augusta. At 
this locality the kaolin bed is 10 feet thick and covere an area 
of 26 acres. This deposit alone would be sufficient to supply 
the State of Georgia and South Carolina with the finest porce- 
lain and household utensils for unnumbered ages ; and yet 
this is but one of numerous similar deposits both in Georgia 
and South Carolina. 

The facilities of manufacturing the finest porcelain and china 
ware in Georgia and South Carolina have been still farther 
extended by the discoveries of Oscar Montgomery Lieber, * 
State Geologist of South Carolina. The Felspar needed in the 
manufacture of porcelain and china ware, has been discovered 
by Mr. Lieber in great abundance in eastern Pickens and in 
Anderson. 

The city of Augusta has employed the Kaolin Company to 
manufacture kaolin pipes for their new water works, and for 
the drainage of the streets. As the value of these pipes have 
been called in question, we submit a report, which was made 
by me for the city of Augusta, in my official capacity as 
Chemist of the Cotton Planters Convention, with the hope 
that it may prove of interest to other towns in Georgia. 

Report on the Kaolin Pijpes am.d TurTcnett Sprmg Water. 

John Davison, Esq., Member of the City Council and Chair- 
man of the Augusta Water Works. 
Dea/r Si/r : — ^In response to your request to examine the ef- 
fects of the water of the Turknett Spring upon the kaolin 
pipes, designed by the city of Augusta to supercede the wood- 
en pipes heretofore used, I have carefully examined the chem- 
ical and physical properties of the water of the Turknett 
Spring, and of the kaolin pipes, and performed experiments 
npoA their mutual actions with the following results : 

EXAMINATION OF THE TURKNETT SPRING WATER. 

The specific gravity of this water is but very little greater 

* Reports on the Geognostic Survey of South Carolina, by Oscar Montgomery 
Lieber, Staie Geolc^st of South Carolina. Report IV , p. 104 and 108. 
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than that of pure distilled water being 1000.007. The solid 
residue left after evaporation, equals only four and one-fourth 
grains (4.25) in the gallon of water. This solid residue is 
composed of salts of lime, magnesia. Soda, potassa and silica. 
The water also contains, in common with all spring and well 
water, carbonic acid gas. 

The comparison of the solid matters of the Turknett Spring 
water, with the results obtained by Chemists from numerous 
examinations of the drinking water of diflFerent countries, will 
show that the Turknett Spring water is remarkably pure. 

The following table presents a general view of the compara- 
tive purity of the waters of diflPerent springs and rivers : 

IN 100,000 PARTS OF DRINKING WATER. 

Solid Residue in 
Source of Water. 100,000 parts. 

Spring de Roye, near Lyons, 26.4 

Spring de Fontaine, " " -26.6 

Spring in the Jardin des Plantes, near Lyons, 90.8 

Spring at the Salmonis apotheke, 130.0 

Blackfriar,s deep well, Apothecaries Hall, London, 60.0 

Deep Well, Hampstead Water Works, 55.0 

St. Martin's Well Charing Cross, London, 100.0 

Well in St. Pauls Church yard, London, 95.0 

Trafalgar Square Fountain, 80.0 

Springs at Hartford, Connecticut, 70. 1 

" 55.1 

30.3 

" " " 63.6 

118.2 

Seine Water above Paris, 18.2 

Water from the Maine, , 18.0 

Rhone Water, near L yons 10.6 

Water of the Lake of Geneva, 15.2 

Elbe, near Dresden, 30.0 

Elbe, near Hamburgh, , 12.6 

Danube, near Vienna, 14.1 

Rhone, near Geneva, 18.2 

Garonne, near Toulouse, 13.6 

Loire, near Orleans, 25.2 

Thames, near Greenwich, 39.7 

Thomes, near Twickenham, 32.1 

Thames, near London Bridge, 36.5 

Exe, near Exeter, 15.5 

Dee, near Aberdeen, 12.3 

Don, near Aberdeen, 12.2 

Aar, near Berne, 2 1.6 

If now we compare the solid matters of one hundred thou- 
sand parts of the Turknett Spring water, which amounts to 
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only six and a half (6.50) parts with the solid matters of the 
drinking waters of the noted rivers and springs recorded in 
tliis table, we will find that the drinking water supplied to tlie 
city of Augusta compares favorably witli each one, and in 
fact, is far purer than the vast majority of the drinking waters 
heretofore analyzed by cliemists. 

The waters of the Turknett Spring, drawn from the pipes 
now in use, frequently deposits a reddish brown matter. This 
reddish brown sediment has been formed by the action of the 
water, atmospheric air, and carbonic acid, upon the iron joints 
connecting the wooden logs together. This action upon iron 
is by no means peculiar to tlie water of the Turknett Spring, 
and does not signify any unusual activity or strength in its 
waters. All water, even pure distilled water, will in conjunc- 
tion with atmospheric air and carbonic acid gas, act upon cast 
iron pipes, and form the oxide and carbonate of iron. The 
following example will prove to you that this action is not pe- 
culiar to the Turknett Spring water. • A service pipe at Gren- 
oble, which delivered ninety cubic feet of drinking water per 
minute when new, in seven years was capable of delivering 
only one-half the amount, on account of the formation of 
nodules of the oxide and carbonate of iron. It is probable 
that the insufficient supply of drinking water to the city of 
is due to the formation of these iron nodules at the juncture 
of the wooden pipes. This examination then demonstrates the 
purity of the Tm'knett Spring water. 

EXAMINATION OF THE KAOLIN PIPES. 

Careful chemical examination showed that tliese pipes con- 
sisted of alumina and silicic acid, and that a good quality of 
kaolin or china clay had been used in their manufacture. This 
china clay has arisen from the decomposition of felspar, which 
in its original state is composed of the silicates of alumina 
and potassa. During the slow decomposition and disintegra- 
tion of the felspar, the soluble compounds of potassa have 
been washed away, whilst the insoluble silicate of alumina 
remains. This insoluble silicate of alumina, resulting from 
the decomposition of felspar, is the substance employed in 
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China, Japan, France, Germany, England, and in a few local- 
ities in the United States, for the manufacture of the strongest 
and most durable vessels. 

These kaolin pipes, then, are composed of suitable materials. 

The next question to be settled is, whether the waters of the 
Turknett Spring be capable of dissolving these kaolin pipes? 

The following experiments were devised to settle this ques- 
tion definitely. 

Eayperi/ments upon the action of the Turknett Spring Water 

upon the Kaolin Pipes. 

First Series : Portions of the kaolin pipes were pounded to 
an almost impalpable powder, and subjected to the action of 
the Turknett Spring water for various periods, from one day 
to several days, and then this water carefully tested for the 
constituents of the pipes, and also evaporated, and the solid 
residue in a given amount determined, and compared with 
the solid residue of an equal amount of pure Turknett Spring 
water. In each case the result was the same ; the pipes were 
not acted upon in any appreciable manner. Similar experi- 
ments were performed with distilled water, with the same 
results. 

Second Series : The pounded and broken fragments of kao- 
lin pipe were subjected to the action of boiling water, both 
pure and from the Turknett Spring, for houi-s, and then the 
water tested for the constituents of the pipes, and the solid 
residue determined, and compared with th solid residue of an 
equal amount of Turknett Spring water. In each experiment 
the result was the same ; the pipes were not acted Upon in 
any appreciable manner by boiling water. 

Third Series : A vigorous stream of carbonic acid gas was 
passed through the Turknett Spring water containing lie pow- 
dered kaolin pipe for several days, and the water tested for 
the constituents of the pipes, and the solid residue determined. 
In each case the result was the same, the carbonic acid gas 
produced no appreciable effect. 

Fourth Series : These experiments were repeated with large 
fragments of kaolin pipes. 
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In each experiment the result was the same — no percepti- 
ble alteration, either in the physical or chemical constitution 
of the kaolin pipes. 

These experiments then established: — 

1. The purity of the Turknett Spring water. 

2. The insoluble nature of the kaolin pipes. 

The inability of the Turknett Spring water to act upon 
the kaolin pipes. 

If the publication of this report will tend to remove an 

erroneous impression from the mind of any one, or tend to 

render justice to the Company supplying these pipes to the 

city of Augusta, you are at liberty to use it as you think 

best. 

Yery Respectfully Yours, 

JOSEPH JONES. 
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BELATIONS OF LIME 



TO 



milMIIL AND VEGETABLE MAKURES, 



oiiAPTEJi xn. 



Relataiions of Lime to Animal and Vegetable Manures — aclid- 
terations of Commercial Manures in Europe — Importance 
and necessity of applying the native Manures — Determination 
of the best form in which Manure should be applied to the 
soil — Discussion of the Mineral Iheory. 

In the preceeding pages, whilst we have strougly advoca- 
ted the use of the native calcareous imanures of Georgia, 
we have at the same time endeavored to caution the plan- 
ters against the use of lime alone without manure. 

The very effects upon w^hich the great value of lime de- 
pends, and its ability to decompose both organic and inor- 
ganic compounds, and render them suitable for the absorp- 
tion and assimilation by the growing crops, should of them- 
selves be sufficient evidences that lime used alone in a svstem 
of constant cropping, will finally impoverish the soil. In 
England this fact has been so well established and known 
that it has long since passed into an old proverb, 

" The use of lime with manure 
Will always make the farmer poor." 

The question immediately arises, what are the best and 
most reliable sources of manures accessible to the planters 
of Georgia? 

The chief sources of manure accessible to the planters 
may be classed under the following heads : 

1. COMMERCIAL MANURES. 

a. Commercial manures imported directly from their 
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native sources, Phosphatic Guano, Ammonia Phosphatic 
Guano, Ammonia Guano, Fish Manure, New Jersey Green 
Sand, Native Phosphate of Lime, Gypsum, Salt, Nitrate of 
Soda and Bones. 

b. Manipulated and manufactured compounds, Manipula- 
ted Guanos, Manipulated Fish, Hair, Brick-bats and Red 
Clay, Super-Phosphates manufactured from bones, Phos- 
phatic Guanos, and Native Phosphate of Lime, &c. 

2. NATIVE MANURES OF GEORGIA. 

a. Calcareous Manures, — ^Marls, Shell Limestone, Oyster 
Shells, Limestones of the older formations and Bones. This 
class of Georgia manures are capable of furnishing also in- 
exhaustible supplies of Phosphate of Lime. 

b. Clays containing alkalies and Phosphate of Lime, as the 
Joint Clay of the Eocene formation. 

c. Swamp Deposits, River Deposits, Swamp water, River 
water, Spring wate#and Sea water. 

d. Vegetable mould, leaves, trash, &c., from uncultivated 
land and forests. Black Rush. 

e. Portions of the crop not consumed upon the plantation 
as cotton seed. 

£ Stable manure, cow-pen manure, human faeces, the ex- 
crements of birds and animals in general, ashes. 

In the fifth chapter of this report, p. 57, 91, we have 
given numerous analyses of commercial fertilizers. If we 
compare the results of these analyses with the chemical 
constituents of Soils, and plants, and animals recorded in 
chapters sixth and eighth of this report, we will see that 
many of the Commercial fertilizers are of great value and 
contain the elements of plants in a highly concentrated 
form ; we will observe great differences in their chemical 
constitution — some as the Super-Phosphates contain only 
two or three of the many elements necessary for the fertility 
of the soil ; others, as Peruvian Guano, contain almost all 
the substances needed by vegetation ; we will also observe 
great differences in the states of chemical combination md 
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the physical conditions of the various ingredients ; thus in 
Rhodes' Super-Phosphate we found more than sixteen per 
cent of soluble phosphate of lime, whilst in many of the 
phosphatic Guanos the phosphates are in the condition of 
insoluble Basic Phosphate of Lime, and Bone Earth ; thus 
also in different cargoes of Peruvian Guano the compounds 
vary greatly, some are in a state highly favorable to the gen- 
eration of those compounds necessary for the development of 
crops, whilst others are in a comparatively inert state of 
combination. 

We have farther shown, that independently of the partial 
and incomplete condition of many of these fertilizers, and 
independently of their natural variations dependent entirely 
upon natural causes over which the importers have no con- 
trol, they have been in many instances both in Europe and 
America, largely adulterated. 

Notwithstanding the testimonies which we have already 
adduced to show the extensive adulterations of Manures, we 
cannot refi*ain from bringing forward the testimony of two 
distinguished English Chemists who have been very recent- 
ly extensively engaged in the examination of Commercial 
manures. 

Professor J. C. Nesbit, of Kennington, in his lectures on 
Agricultural Chemistry thus notices the adulterations of 
Artificial Manures: 

" I will now speak of the nature and extent of the adulterations to which guano 
and similar substances are exposed. We have seen clearly that the value of 
guano and ether artificial manures depends pretty much on their ammonia and 
phosphate of lime ; it cannot depend on a pven amount of sand, or loam, or brick 
dust, or ground tiles, or any article of that kind, which may be mixed with it ; 
and it is one main object of my lecture, to bring palpably before the practical far- 
mers present a glimpse of the fearful extent to which adulteration is now carried, 
though it must be very inadequate when compeard with the reality. I feel per- 
fectly incapable of showing one hundredth purt of the actual extent of this evil. 
Gentlemen, you are robbed systematically. It is not simply that a little country 
dealer buys his ten tons of guano, mixes some foreign matter with' it, and then 
sells it as genuine; there are men who make hundreds and thousands of tons of 
materials for adulterating guano, which are sold in the market for the express pur- 
pose ot adulteration. It is a general system beginning in the metropolis, and 
extending over the whole country. Even the country cheaters are themselves 
cheated in turn. The men who come to London to buy their manures very often 
get an adq Iterated substance ; the article passes through the hands of half a dozen 
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parties before it reaches the farmer, and when at last it does reach him, it is in an 
extraordinary state of adulterrition, very httie indeed of the original matter being 
discoverable. Guano out^ht not to contain more than one and a hult to two and a 
half pf:r cent of sand, beside which there should be at least twenty per cent of 
phosphate of lime, from sixteen to seventeen percent of ammonia and a consider- 
able quantity of organic matter. Now you can buy guanos in the market, con- 
tainine: from sixteen per cent of ammonia, which is a good genuine article, down 
to others containing only a trace. It '*grow8 small by degrees and beautifully 
less," until you have got a thing which contains little e'se than our gofxl Essex 
marl, from the Wanstead Flats, or some other place, with a Utile guano mixed 
with it to give it the right smell. Another adulterating substance is ground marl 
from Bow Common. 

In fact the whole system of adulteration is so well devised, that, without analy- 
sis, it almost impossible for farmer, or the ordinary country deal<^r, not to be im- 
posed upon. In some ca es the buyer has seen his guano taken from the ship's 
side and has congniul >ted himself ttiat he was too cunning to be t^ken in; but 
unfortunate man ! he hud quite overlooked the Essex marl or ground tiles conceal- 
ed in the barge that it might be well mixed with the guano as it went up the river 
to the appointed wharf. Some parties have three or four wh;)rves for shipment, 
in various parts of the river, and the same adulterated material is often sent even 
to the same buyer as two or three separate guanos at different prices. Of course 
those purporting to be different are shipped to the buyer from different wharves 

The two following analyses will give some idea of the adulterations carried on 
in the manure market: No 1 came into the London market, per ship from Liver 
pool It was offered far sale by sample, tn some placcs as Peruvian Guano, at £6 
10s. to £1 per ton ; in othe.s as Saldanha Bay guano, containing sixty per cent of 
phosph»tte of lime, ut £4t to £5 to ton. The samples were contained in bags of 
blue paper, purporting to come ex some ship from Valparaiso. About 150 tons 
were brought into London, the greater part of which found its way to the farmers 
of Hampshire, no doubt to their great edification and benefit. No. 2 was offered 
for sale as Suld^nha Bay guano at £3 or £4t per ton. 

No. 1 Guano C?) No 2, Saldanha Bay Guano (1) 



Gypsum, 


74.05 


Sand, 


- 48.81 


Phosphate of Lime, - 


14.05 


Phosphate, 


- - 10 21 


Sand, - - - 


2.64 


Gypsum, 


- - 5.81 


Ammonia, 


51 


Clrtlk, 


- 22.73 


Moisture and loss, - 


- 8.75 


Moisture, 


- 12.44 



100.00 100.00 

Now I will exhibit here a few of these samples of counterfeit guano, for the 
way in which they are gotten up for sale is really very ingenious. I want the 
opinion of some of the best informed gentlemen here as to which of these samples 
is the best. (Mr. Nesbit then handed to the chairmm specimens of two kinds 
of guano, requesting him to state after examining them which he would pronounce 
the best. Tbe chatrmin having selected the one which he conceived to be the 
best, the Lecturer continued)* Well now, this which oar chairman has selectfd as 
the best guano, is the one which is adulterated and it contains nearly half its 
weight in Essex mirl. (The Le*- urer then exhiiiited in a ooitle the proportion of 
S'lnd to genuine guano in the two samples, showing that in the guano whi>^.h the 
chairman had considered the best, the sand and other worthless insoluble materiiils 
constituted more than one half of the whole.) In the guano which our Pr&^ident 
thought best there is 52.8 percent of sand, though it was sold as genuine. The 
mode of mixing this sample is clever and peculiar. The whole of the guano and 
marl are not mixed together at once, but the large lumps being picked out of (he 
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genuine guano, the small is thoroughly mixed with the marl, and then the unbro- 
ken large lumps of guano are carefully added so as not to break them. The whole 
therefore has very much the appearance of good guano ; for the lumps in the mix- 
ture are merely the guano unadulterated, 

Here is another specimen, in which I found 54 per cent of insoluble matter. 
This contains only 18 grains in 1000, or 1-8 per cent. Remember gentlemen that 
the strongest smelling guano is not always the best. You cannot tell whether or 
not it is genuine either hy the ^mell or the color. In fact the only means by which 
you can ascertain the truth of the matter is by analysis. I will, however, show 
you one mode of detection which will serve your purpose so long as the adultera- 
tors continue to act upon the present system. They now adulterate with a heavy 
article. If you take five hundred grains of the best guano and five hundred of an 
adulterated article, and put each into a tube of the same size, you will find the 
adulterated article much lower in the tube than the genuine one. Here is an illus- 
tration. The presence of the sand is shown by the comparative smallness of the 
space which it occupies. 

I must now show * tke article" itself ^the material for adulteration — it is known 
in the trade as *^the article." It can be bought for the purpose of adulteration at 
from 10s. to 20s. per ton. There may, perhaps, also be ten or twenty per cent off 
for cash, 

I hold in mv hand five hundred grains of *'tke article." You see "the article" 
presents a very sorry appearance by the side of genuine guano. Observe the 
amount of silica which it contain", and then judge what is the extent of adultera- 
tion. 

I must if possible, compel the attention of all present to this wholesale system 
of adulteration. It is not as you see, confined to one or two small houses, but the 
trade in this article is as regular a branch of business in the metropolis as the 
trade in guano itself How does this arise 1 Whence comes all this adulteration 1 
It IS partly owins: to the farmers nibbling and haggling to get the last penny of 
profit out of the dealer's hands. He has thus been compelling those who would 
perhaps otherwise be honest, to sell an article like that which I have been exhibit- 
ing. 

This is not buying in the cheapest but in the dearest market. Let me here ob~ 
serve, that it is quite impossible for persons who have once begun to adulterate to 
do so to a small extent. No man can adulterate merely to the extent of ten per 
cent it would not pay. In thefirst place an article has to be purchased and worke d 
up, and m<ide to look something like guano; then there is the mixing of this arti- 
cle with the guano. The whole process is expensive; and every particle of the 
cost, with a lar^e profit superadded, must be paid by the farmer who buys the 
adulterated article instead of the genuine one. The probability is, that he does 
not get in return for his money more than one fourth or thiid of guano; but all the 
rest is sand or ground tiles, or loam, the carriage of which is of course another 
item of cost to the farmer. 

I have cfien rt- marked that if it were possible for chemists to concentrate ma- 
nures, so that they would be worth even £50 a ton, it would be an immense 
advantage to those who have to use them. 

If guano for example, could be concentrated four fold, it would for that very 
reason be the most valuable manure the farmer could use; since, being of small 
bulk, the cost of carriage would be decreased four fold. To return however from 
this digression. 

I was observing that it would not answer a dealers purpose to adulterate to the 
extent of ten — I might even say — twenty per cent ; nor indeed do dealers confine 
themselves to such a small proportion. These adulterated manures are sold some 
at £5, some at £6 and some £S per ton. The best of them are adulterated more 
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than 40 per cent, and in many cases the adulteration is as much as 60 or 80 per 
cent. 

It remains for you gentlemea to put a stop to this imposition. I can scarcely 
offer uny other practical means of detection than that which I have just mentioned 
— that of observing and comparing the different degrees of specific gravity or bulk 
of the samples. Let me tell you too that even if you do buy of a first rate party, 
it is still possible you may be deceived. I will quote Dr. Anderson's opinion on 
that pomt ; and the extract will show that even parties who wish to sell a genuine 
article are olten misled. In an article on guano, in the "Royal Highland Society's 
Journal" he says: "all the risk and uncertainty to which the farming public is 
now subjected might be avoided, if buyers would give up seeking for cheap 
guanos, buy from dealers of character., and insist on their purchase being guaran- 
teed as the same composition as a sample analyzed by some chemist of known 
accuracy. 

It must however, be distinctly understood) that all these precautions are necessary 
for there are such things as selling guano by fictitious analysis; and I have known 
instances in which dealers of the utmost respectability and altegether above the 
suspicion of fraud, being in the habit of selling guano without analysis, have 
bought in the same way, and have oecome the unconscious instruments of intro- 
ducing h grossly adulterated article into commerce." 

I say then that even respectable parties may be deceived. There are gentleman in 
the trade who would I believe scorn either to adulterate or to sell an inferior article 
as the best ; but even these gentlemen may be deceived. Stiil one way in which 
you may endeavor to secure yourselves is by dealing with first rate men — who 
have a character to lose and who are not therefore likely to adulterate. At the 
same time, I must confess I see no effectual security except that which consists in 
your having samples of the bulk you buy analyzed. Look at Scotland. The 
Scotch farmers have their samples analyzed and the bulk tested ) and they have 
otten recovered damages when the two have not corresponded. 

Other manures are also adulterated in similar ways. Nitrate of Soda is mixed 
with a well prepared sulphate of magnesia, or epsom salts, whose crystals are 
almost undistinguishable by the eye from the crystals of nitrate of soda — sulphate 
and other salts of ammonia are also much adulterated. There are in fact, a thou- 
sand ways of adulterating manures, and you can scarcely ever be sure, under 
present circumstances, that you are applying to your land a really genuine article. 
Take super-phosphate of time. If you do not buy from a respectabls house, you 
will be sure to have large mixtures t fifty per cent and in some cases seventy -five 
of worthless material mixed with the genuine substance. 

I have letters from various gentlemen, includin>i Professor Calvert of Manches- 
ter, and Professor Anderson of Edinburgh, all corroborating the fact of the im- 
mense adulteration of artificial manures. 

They have all analyzed samples of guano which nave been highly adulterated. 
Prof Calvert informs me that he has analyzed some which contained from seventy 
to eighty ner cent of sand. 

I must now mention a recent attempt to obtain money from the public, of so 
ridiculous and presumptuous a character that I hardly know how to allude to it. 
I mean the fertilizing of seeds. Many years ago it was proposed to steep seeds of 
various kinds in solutions of manure, or to roll them in some manuring powder, 
which, adhering to the seed, would render good service in quickening its germina- 
tion and promoting its early growth. There is nothing unreasonable in this, aad 
in many instances some good has been done by the process. But within a fev 
years, both here and in France, parties have come forward to do away altogether 
with ordinary manuring, and td give such a coating to the seeds as will earry ihem 
well through till harvest. Yes your boasted farm yard dung, your Peruvian 
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^ano, your super-phosphate of lime, are now, by the "discoveries of science* 
rendered wholly useless ! Only put three or four pounds of a powder over the 
seeds for an acre of land, and you may then with your hands in your pocket joy- 
fully await the hundred fbld increase of a teeming harvest ! Now in the first place 
I, as a chemist should condemn the thing at once ; and as to you practical men, I 
should think you must be of the same opinion as the Scotch fiirmer, who whan the 
laird remarked to him, "Donald the time will come soon when we shall be able to 
carry the manure in our snuff box," replied yes, when that time comes we shall 
be able to cnrry the crop in our waist coat pocket." We have been told that most 
astonishing results have arisen in France from the use of fertilizing powder on 
seeds. Being a corresponding member of the French Central Agricultural Socie- 
ty, I took the lilserty of writing to M. Pagen, who is one of the Professors of 
Chemistry in the Ecole des Arts et Metiers, and who was lately in this country 
for the purpose of inquiring into the state of our artificial manure manufacturers. 
In reply to the letter which I wrote to him that gentleman says : "The exclusive 
use of a small quantity of powdered manure to envelope seed, would evidently be 
both dangerous and prejudicial to the true interests of both &rmer and landlord. 
I am authorised to add that this is also the opinion of my friend Boussingault and 
of my other colleagues, the members of the Central and National Society of Agri- 
culture. Besides the experiments already made in France and duly controled by 
Messrs. Moll and others, were not at all successful. The numerous publications 
fdvorable to this ridiculous system of cultivation without manure, do not deserve 
any confidence, for they were paid for by the speculators and inserted by our 
gazettes as common advertisements or publications of chemical results." 

So much fiir the opinion of the French savans ; and I apprehend that if it has 
not answered in France it will not in England. If indeed we could, concentrate 
the virtue of twenty loads of farm yard dung into one pound, it would be an excel- 
lent thing for the cause of agriculture. 

But now for the analysis of this precious manure, for which I paid at the rate of 
twenty shillings for four pounds and a half, or at the moderate and unassuming 
price of £497,155 6 l-2d. per ton. 

The very first thins which presented itself was fifly-five to fifty-nine percent of 
carbonate of hme— or common chalk ! I will give you the full analysis. Compo- 
sition of a sample of feriiling powder, at 'the price of twenty shilling for four and 
a half pounds weight : 

Silica, ------- 6.45 

Muimure, ------ 491 

Oraranir. Matter, 25.79 

Nitrogen, ------ 1.47 

Carbonate of Lime, - - - - 55 59 

Poiash and Sodu, 0.92 

Sulphate of Lime, ----- 1.71 

Iron not determined, - - - - • 

Phosphate of LimCi ----- 0.96 

pi 80 

You most all consider the article too dear at the price. 

I have thus brought before you the nature of and extent of adulteration. My 
main object has been that the reality should go foith to the agricultural world. I 
believe — in fart I know — that there are parties in London who are making several 
thousands a year Hy adulterating manures. The names of some of these men are 
scarcely known in the market, but what they manufacture finds its way to the 
land. It is not sui^h gentlemen as yourselves who are chiefly exposed to this evil ; 
you can protect yourselves j but there are many of the poorer classes of farmers 
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who are continually imposed upon without knowing it, because they endeavor to 
buy two tons of guano for £13, instead of being contented with one for that 
amount I have placed the matter before you, becarse I think it ought to go fbrth 
to the agricultural world that farmers are being imposed upon in this matter ; that 
they are constantly buying sand for guano, and oyster shells for bones ; that they 
are not merely cheated here and there, but that parties make it their business 
to manufacture Th£ Article for no other purpose than that of mixing it with ma- 
nure. When all this is known the remedy is in your own hands. In the first 
place, you should deal only with men who have a character to lose and who will 
not endanger their position by any thing like deception. 

In the second place, you should not neglect to avail yourselves of the security 
afror<^ed by analysis. The facilitir s for obtaining an analysis are much greater 
than they were. If agriculturists generally were vigorously to pursue this plan, 
I believe its necessary efTect would be to put a stop to adulteration, to drive the 
dishonest dealers from the market, and leave the manure trade in the hands of 
honest and honorable men. 

'' On Agricultural Chemistry and the Nature and Properties of Peruvian Guano," 
by J. C. Nesbit, F. G. S , F. C. S , etc. Principal of the Agricultural and Chem- 
ical College, Kennington, &c , London, 1857, p. 34, 51. 

Professor Charles A. Cameron, M. D., oif Dublin, in his 
recent work upon the Chemistry of Agriculture, thus notices 
the adulterations of Guano and Commercial Manures : 

There is, perhaps, no article of which large quantities are sold, more liable to 
adulteration* than Guano. Demand aiid supply, of course, act on each other. 
The limited supply, the consequent high price of the article, and the avidity with 
which purchasers take the bait of cheapness are, no doubt, the combined causes of 
the extensive practice of sophistication. It may be said that the demand is 
greater than the natural supply. Men, whose ingenuity and avarice are more 
extensive than their consciences, step in and supply, or affect to supply, the defi- 
ciency ; and as the addition which they make to the stock costs little, and is worth 
less, they are safe in offering it at a price so low as, in most instances, to be irre- ' 
sistible to the confiding farmer. 

The substances with which Guano is adulterated are sand, cby, powdered 
bricks, marl, chalk, limestone, salt, &c., one or more of them being added to Gua- 
no, generally to the strong smelling Ichaboe or damaged Peruvian, the propor- 
tions, of course, depending upon the conscience of the compounder, and on the 
presumed gullibility of the purchaser. So skilfully are these compounds prepared, 
that the most experienced buyers are often imposed upon, detection, in very many 
cases, being very difficult by any except chemical means. * . * * * 

No artificial manure should be bought without the buyer previously obtaining 
an analysis, setting forth its exact composition. Testimonials are seldom to be 
relied upon. In numberless cases the most worthless manures have been palmed 
upon the unsuspecting farmer by means of spurious testimonials. 

A correct analysis can alone be depended upon ; and even this in not a few 
instances, proves unavailing. The analysis may be correct, but it is practically 
of no value to the farmer unless he undtrstands it; and not only so, but a true 
statement of the composition of a bad specinnen may, to him, appear that of a 
good one ; and he may purchase the bad under the impression that as an analysis 
is given at all it is as a guarantee of the genuineness of the article. Relying up- 
on this very natural mode of reasoning on the part of the purchaser, the fraudu- 
lent dealer resorts to this audacious expedient in order to avo.d being prosecuted 
for selling otherwise than according to the analysis ! I am informed that an an- 
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alysis made, by myself, of a perfectly worthless sample of gu^no was used last 
season, and with considerable success, actually to recommend an article which 
possessed no value whatever ! So long as buyers are unacquainted with even the 
elementary principles of Chemistry, so long must we expect this system to be 
pursued. 

Let us hope, however, that this is a state of things which will not long con- 
tinue. If fraad is abroad seeking for prey, science is on its track to discover and 
disarm it; and even the agricultural noriion of the community, though so widely 
dispersed from the great urban centres of scientific light, cannot long remain in 
ignorance of that science which must be regarded as the farmers' best friend and 
safeguard, and the true exponent of his noble an.'*' 

In the fifth chapter of this report we have demonstrated 
by an impartial and extensive comparison, that we have in 
Georgia, inexhausiible supplies of one of the most impor- 
tant of all fertilizers, the Phosphate of Lime, a substance 
which enters largely into the composition of guanos. 

In view of the extensive adulteration of Guano and arti- 
ficial manures — in view of the great variations in the com- 
position of even honestly imported Guanos — in view of the 
fact that the Phosphate of Lime, the constituent which 
enters most largely into the composition of Commercial 
Manures, can be obtained in inexhaustible quantities upon 
our own soil — in view of the well eatablished fact that the 
addition of Super Phosphates or Phosphatic Guanos to 
marled lands, is productive of no special beneficial effects, 
* because the Phosphate of Lime has been already supplied 
in sufficient abundance to supply all the wants of vegeta- 
tion — in view of the fact that there is no law in the State 
of Georgia, compelling the venders of fertilizers to throw 
open their entire stock to the inspection of competent 
Chemists, I would decidedly recommend to the Planters of 
Georgia, the abandonment of all commercial and manufac- 
tured manures, whose chemical constitution and true values 
have not been determined, and employ the resources found 
upon every plantation in the State. 

Before considering the other native sources of manure. 



^Chemistry of Agriculture, the Food of Plants, including the Composition, Pro- 
perties and Adulteration of Manures, by Charles A. Cameron, M. D., Professor 
to the Dublin Chemical Society, Lecturer on Chemistry and Natural Philosophy 
in the original school of Medicine, Dublin. 1857, p. 116, p. 135. 
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we will endeavor to settle, in a definite manner, the ques- 
tion whether the mineral constituents of plants be all that it 
is necessary to return to the soil, that its fertility may be 
retained. 

Determination of the best form in which Manure should be ap- 
plied to the soU — Discussion of the Mineral Theory. 
Every fertile soil contains all the inorganic elements ne- 
cessary for the development and perfection of plants and 
animals ; the atmosphere contains immense stores of Car- 
bonic Acid, Ammonia and Nitric Acid and watery vapor: 
the soil and the atmosphere therefore contain all the sub- 
stances necessary for the development and perfection of 
vegetation. 

Geology teaches that plants preceeded animals upon our 
earth, the first plants must, therefore, have derived all their 
elements from the air and the water. These and similar 
feicts have led certain chemists to assert that if the mineral 
constituents of plants be furnished, the atmosphere, with its 
moisture and rains, will furnish all the necessary elements 
in sufficient quantities for the development and perfection 
of all plants. 

Whilst we admit the truth of the proposition, that plants 
will attain perfection and yield perfect fruit upon a soil de- 
void of organic matter, still we maintain that the luxuriant 
crops, demanded by the present state of civilization, cannot 
be produced on land wholly devoid of organic matter. 

The determination of the best form for the application of 
manure, and of the value of the organic compounds in 
manure, is of great importance to the Planter for three 
reasons. 

1st. If the mineral constituents are alone valuable, the 
difficulties of transportation would be greatly lessened by 
burning his bulky manures, collecting the ashes and ap- 
plying them to the soil. 

2d. Great numbers of the manipulated compounds and 
manufactured manures are composed alone of the inor- 
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ganic (mineral) constituents* which enter into the constitu- 
tion of plants. 

3d. If the mineral constituents are alone valuable, then, 
the burning of the deposits of forests would produce no ill 
effects whatever. 

We will now endeavor to settle this question in a brief 
but conclusive manner. 

(a) Whilst it is true that certain plants are capable of 
living almost entirely upon the atmosphere ; whilst it is 
true that certain plants are capable of flourishing upon 
barren rocks, it is also true that the plants which live most 
entirely upon the atmosphere and water, and the plants 
which form upon barren rocks, lava streams and coral 
islands are those of the most simple organization. 

The flat, simply organized lichens covering the bald 
granite rocks of Middle Georgia are familiar to every resi- 
dent of this section of our State. Along the sides of Etna, 
Ischia, Vesuvius and other volcanoes, lava streams are seen 
stretching in all directions, which have flowed down like 
rivers. These lava streams are of different ages, and many 
of them were formed within the memory of man. An in- 
vestigation of these lava streams has afforded the agricul- 
turist an opportunity of determining the gradual prepara- 
tion of soil lor vegetables. 

Some are still naked, others have only a few plants 
scattered here and there in hollows and crevices — on others 
the decaying plants are forming a soil, whilst the oldest 
streams are covered with the disintegrated rocks and decay- 
ing vegetables and crowned with a luxuriant vegetation. 
The plants which first settle upon naked land and upon 
barren rocks generally, and form a soil for the more highly 
developed plants, are the hardy and simply organized hch- 
ens and mosses. Upon the soil formed by the disintegra- 
ted rocks, and by the decaying lichens and mosses, more 
highly succulent and fleshy plants appear ; these dying in 
like manner return to the soils the salts absorbed from the 
rocks, locked up as it were in the surrounding organic mat- 
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ter, and are in turn succeeded by more highly developed 
plants ; it is evident, therefore, that wherever vegetation is 
undisturbed the soil progressively improves not merely by 
the addition of mineral compounds, but also by the addi- 
tion of organic compounds, capable of undergoing slow 
decomposition, and during this slow decomposition, of form- 
ing compounds necessary for the support of vegetation, and 
of slowly liberating the mineral matters obtained from the 
soil. 

(6) The distinguished agriculturist, Boussingault, has 
shown that whilst the seeds of leguminous plants sown in 
pure earth and moistened with nothing but distilled water, 
obtain an increase of nitrogen which the admosphere alone 
could have afforded, those of barley and other ceralia re- 
mained in that respect stationary, unless manure capable of 
yielding ammonia and other compounds of nitrogen are 
afforded. 

(c) The researches of Baron Liebig have established the 
fact that ammonia does actually find its way into the vege- 
table organization ; for he has ascertained that the saccha- 
rine juice which flows from the different varieties of maple, 
contains a large proportion of ammonia, and the juice ex- 
tracted from beet-root and the products of the distillation 
of various herbs, flowers, fruits, grain and roots, with water 
contain ammoniacal salts. These ammoniacal salts have 
been derived both from the atmosphere and from the soil. 

The experiments of Professor Cameron, of Dublin, have 
established the important fact that one of the most common 
and abundant constituents of the urine of animals, urea, 
can be absorbed and assimilated directly by plants. The 
results of these investigations are so important, that we 
take the liberty of presenting to the Cotton Planters' As- 
sociation, the entire article. The hygienic bearings of this 
article are especially worthy of attention, for the time must 
come when the cities of Georgia will equal, if not rival, 
those of England, Scotland and Ireland ; and I may say, 
with truth, that we are already suffering from the same 
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causes of disease which afflict the more crowded cities and 
countries of Europe. 

On Urea as a Direct source of NUrngen to Vesetation, By Charles A. Cameron, 

M. D., Pn^fessor to the Dublin Chemical Society^ ^c , tit the Meeting of the 

British Association for the advancemenu of Science, held at Dublin, August, 
1857. 

In the progress of the science of Agriculture we have arrived at a s'agR at 
which we understand the importance of affording to plants an abundant supply of 
liquid food. At this point the economic an 1 snienlific agricuUuiist and the sani- 
tary reformer nicet. The 8gricul<urist Wimts liquid manure, and tho>e who have 
the care of the heal'h of the mh <bitants of 'arge low^ns wish to get rid of oceans 
of that article, and yei to an appreciable degree neither party has been accommo- 
dated. 

There seem to be some two or ihrce problems which mutt be solved ere this 
demand on the one h^nd, and the supply on the other, can be made ; as we say in 
Chemistry; to neutralize each other.' In the great labora ory of nnture, the ex- 
chan«;e ot rarbon and oxygen between plants trnd animals is carried on without 
labor, difficuliv, or expense, and to the essential advant^se of bo'h. A similtr 
exchange of the fruits of the earth for the liquid and solid recuse, viith which man- 
kind wishes to dispense, is onl^r a question t f time, and one which we shull, ere 
lonsr, see among the recognised facts o\ advanced civilization. 

How to di-'pose of the sewrage of London, and yet preserve the water of the 
Thames ftom pollution is well-known to be one of the great questions of the 
day. A similar one is now forcing itself upon the atten ion of the cinzens of 
Glasgow, and what was, until lately, looked upon as a sanitary question has now 
bec( me one if p' unds, shillings, and peuce to the shipping! interests of that enter- 
prising city. I fii4d by the Scotchman of Saturday last th^it the passenger trafic of 
the Clyde is already injuriously bfrert«d by the noxious effluvia sent forth by the 
discharge into ihat river of the sewage of Glasgow. In tdinhurgh the question 
assumes the alternatives of stopping the great Caledonian distillery or covering in 
the water of Leiih — the llli-sus of the " modern Athens " 

In Pcrtiibellothe inhibttants are desirous of having their sewage conveyed into 
the Firth of Firth, but those interested in the preservation of the beuuty of the 
beach stand in the way of doing so. In Dublin we are at a'3omewhat $>imiLtr 
stand ; and whMst those sever^^l communities are thus anxious, and actually labor- 
ing and spending io m-ike a present of (heir ^bunrlant supply of 1 quid m mure 
there are as many around them willing to pay liberally to get possession of it. 
There can thus be little doubt that there is a va>t amount of capital ready on every 
hand to be invested in carrying out practically the tr«e idea of bringing the bupply, 
and demand whir*h I have just mentioned into profitable contact 

The next want at this juncture is what must be supplied by science, mechanical 
and chemical. The mechanical means by which our hn; Uh and wealth can, in this 
respect, be so materially promoted will, no doubt, claim the attention of the me- 
chanical section of the Association, whilst any contribution towards completing 
the Chemistry of the subject will meet with due consideration from the section 
which I have the honor of addressinij. 

Although the great value of the drainings of our cities and f jrm-yards is allowed 
by all, those who understand the present position ot Agriculture know that there 
are some points of consid*rable practical importance upon which there is a diver- 
sity of Opinion entertained. In reference to the time and state in which draining 
should be applied to the soil there are, two opinions and two pracices, the great 
majority being, I am sorry to say, on the wrong side of the question. It is as- 
serted by tfe greater number of Agriculturibts that, in the language of the farm, 
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the drainings ought to be allowed to ripen, or in the language of science, to fer* 
ment and produce ammonia, before they are administered as food to the plants ; 
the supposition being, that the urea, which constitutes the most valuable portion 
of the fertilizing constituents of the drainings, must be converted into ammonia 
before its nitrogen can become available for the purpose of vegetation. 

It is a curious and suggestive fact that the Chinese, who are so remarkable for 
their industry and minute economy, apply their liquid manure immediately, and 
without allowing time for its fermentation and consequent production of ammonia. 
They thus in a great measure, especially for the whole of that period during which 
the article is in immediate demand to promote the growth of the plantS; dispense 
with tanks for preserving the drainings, and do not incur the loss occasioned by 
the formation and escape of volntilf? ammomacal compounds, which so generally 
attend the process of what the farmer calls the ripening of his liquid manure. It 
is very probable that these prirtia facie economical considerations were the mam 
reasons for the Chinese adopting this as a practice, and yet certain experiments 
which I have made satisfy me that they are right in science as well ; and I con- 
sider it no small matter to have my earthly theory supported by such celestial prac- 
tice. That theory is, that nitrogen is as available as food for plants, whilst a con- 
stituent of urea as it is in its ammoniacal combination ; or, in other words, that 
urea, without being converted into ammonia, maybe taken up into the organism o 
the plant, and then supply the necessary quantity of nitrogen. The experiments 
which have led me to this conclusion I shall now proceed to describe. 

EXPERIMENTS. 

Four earthenware basins, each two feet in depth, and 2 1-3 feet across, were 
filled with fragments of felspar, of diiierent degress of fineness ; the coarsest frag- 
ments being placed lowest. In each of these basins 60 grains of barley were 
sown on the fifth of May. The basins were then numbered 1, 2, 3, and 4, in 
each was placed a portion of an artificial manure containing the following sub- 
stances, viz : 

The double silicate of potash and soda, precipitated carbonate of lime, freshly 
precipitated phosphate of lime, phosphate of magnesia, and chloride of sodium. 
The bases and acids of this compound were in such proportion as nearly to cor- 
respond with the composition of the ash of the barley plant. 

In addition to the above-mentioned substances (which it will be observed, con- 
tain no nitrogen,) a solution of urea was applied twice in each week to basins 
Nos. 1 and 2, and solution of sulphate of ammonia to No. 3. No. 4 was intended 
as a check upon the experiments with the urea, and to it therefore no nitrogenous 
substance was applied. All the basins covered with glass shades ; the air sup- 
plied to the interior of each being freed from ammonia by treatment with dilute 
sulphuric acid. The urea used in my experiments was prepared by the following 
process : 

28 parts of dry ferrocyanide of potassium and 14 parts of peroxide of man^- 
nese, thoroughly mixed, were heated to dull redness. The resultant mass, after 
cooling, was treated with cold water, and the solution thus obtained mixed with 
20.5 parts of crystallized sulphate of ammonia; sulphate of potash and cyanate of 
ammonia were formed, and the latter, on the application of a gentle heat, was con- 
verted into urea. I did not seperate the sulphate of potash, as its presence did not 
interfere with the results of the experiments. 

The felspar in basins Nos. 1 and 2 was occasionally washed with distilled water, 
and the washings tested for ammonia. I did not however, in any instance, de- 
tect the presence of this substance, which proves thdt urea was not converted into 
ammonia. 

The barley experimented on was the variety known as Chevalier barley. The 
growing plants were supplied with carbonic acid gas and carbonated dbtiUed 
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water. The plants were thinned at an early stage of their growth, so that there 
remained but 15 plants to each square foot of surface. 

The results of the experiments were as follows : 

No. 1. Period of complete germination, within 5 days. 

Period of ripening within 107 days. 

Mean height of plants, including the ears, 29 inches. 

Average return from the seed, 9 stalks. , 

Average produce in seed, 28 grains from each stalk. 

Size of grain, 14,786 to the pound. 

Amount af nitrogen in 100 parts of the dried grain, 2,470. 

No. 2. Period of perfect germination, within 6 days. 

Period of ripening, within 112 days. 

Mean height of the plant including ears, 26 inches. 

Average return from the seed, 10 stalks. 

Average produce in seed, 27 grains from each stalk. 

Size of grain. 14,672 to the pound. 

Nitrogen in 10 parts of the dried grain, 2,385. 

No. 3. Period of complete germination, within 8 days. 

Period of ripening, within 105 days. 

Mean hight of the plants, including the ears, 22 inches. 

Average return from the seed, 12 stalks. 

Average produce in seed, 25 grains from each stalk. 

Size of grain, 15,607 to the pound. 

Amount of nitrogen in 100 parts of the dried grsdn, 2,388. 

No. 4. Perfect germination took place within 8 days, and stalks, on the average 
8 inches in length were produced; but in no Instance were seeds developed. 

The following conclusions are, I consider, deducible from the results of my ex- 
periments : 

1. That the perfect development of birley can take place, under certain con- 
ditions, in soil and sdr, free of ammonia and its compounds. 

2. That urea in solution, is capable of being taken, unchanged, into the organ- 
ism of plants. 

2. That urea need not be converted into ammonia before its nitrogen becomes 
available to promote the process of vegetation. 

4. That the fertilizing effects of urea are not inferior to those of ammonical 
salts. 

5. That there exists no necessity for allowing drainings or other fertilizing sub- 
stances containing urea to ferment ; but that, on the contrary, greater benefits 
must he derived from their application in a fresh or unfermented state. — JournvL 
of Agriculture f Edirhburg^ Octobsr^ 1867. Also Chemistry of Agriculture ^ The 
Food of plants ; indvding the compositioUt and adulteration of Manures. By 
Charles A. Cameron^ M. D., Professor to the Dublin Chemical Society ^ <f»c., <f»c. 
I>Min, 1857, i?p. 137-144. 

The readiness with which the organic acids formed dur- 
ing the decomposition of vegetable and animal manures 
unite with ammonia, and the tenacity with which their 
union is maintained, and the greater solubility of the com- 
pounds thus formed, still farthei support the view thu 
certain of the organic products of the decay of vegetable 
and animals are absorbed directly b^ plants. 
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d. Whilst a large portion of the carbonic acid gas con- 
sumed by plants is furnished by the atmosphere, and whilst 
it is true that the same amount of carbonic acid gas would 
be poured into the atmosphere from the vegetable and ani- 
mal kingdoms, whether the dead and excrementitious vege- 
table and animal matters be burned with fire, or be slowly 
converted into carbonic acid gas, ammonia, nitric acid, and 
salts by the slower play of chemical affinities during 
decay; it is also true that vegetables derive much of 
their carbonic acid gas and compounds of ammonia from 
the humus and decaying animal manures surrounding 
their roots ; and the very slowness of this decay is 
adapted to their gradual growth and development. — 
Each particle of humus and manure during its slow 
decay is surrounded by an atmosphere of carbonic acid gas^ 
which is partly dissolved by the water in the soil, and thus 
enters through the roots into the plant, and partly also 
ascends into the atmosphere and is absorbed by the leaves. 
It follows as a necessary consequence that the greater the 
proportion of animal and vegetable matters undergoing 
decay, the greater will be the amount of gaseous plant food 
generated. 

{e.) The property of charcoal, originally pointed out by 
Saussure, of absorbing and condensing within its pores car- 
bonic acid, ammonia, and various other gaseous matters, 
has been demonstrated by the experiments of Professor 
Charles Daubeny, to be also possessed by vegetable mould. 
Professor Daubeny found that both carbonic acid and 
ammoniacal gases were condensed within the pores of vege- 
table mould, as they would be within those of a lump of 
charcoal. The celebrated Baron Liebig has confirmed this 
statement. 

It follows as a necessary consequence that the greater 
the amount of vegetable mould in the soil, the more rapid 
and abundant will be the absorption of carbonic acid 
and ammonical gases from the air. This statement is not 
at all afiected by the fact established first by Faraday, that 
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all earthy and metallic powders absorb ammonia and car- 
bonic acid gas, when present either in the air or in the bodies 
with which they are brought in contact, nor by the fact 
established by Liebig that clay and the oxides of iron and 
other elements of the soil possess the power of absorbing 
these gases from the atmosphere ; for vegetable mould far 
exceeds the other constituents of soils in the power of 
absorbing not only ammonia and carbonic acid gas, but also 
watery vapor from the atmosphere. 

(/.) The ashes of manure and plants applied to land, are 
rapidly dissolved by the rains and carried by the descend- 
ing water into the earth below the point where the roots of 
growing crops can penetrate. When, on the other hand, 
these mineral constituents are applied in their natural state 
of combination with the organic compounds of vegetable 
and animal manures, they are comparatively insoluble, and 
are liberated during the slow decomposition of the vegeta- 
ble matters, in sufficient quantities to supply the wants 
of the growing crops, and when the decomposition is arrest- 
ed they are preserved in combination with the organic 
matters for future use. This fact alone, independently of 
those which we have just brought fprward, should be suffi- 
cient to convince the planter of the impropriety of burning 
his manures and deposits of his forests, and of the error of 
those who assert that if the mineral elements of fplants be 
supplied, the atmosphere will affi^rd all the other elements 
necessary to sustain a most luxuriant vegetation. ^ 

(ff,) It is the universal experience of agriculturists that 
all things being equal, those are the richest soils which 
contain the largest proportion of organic matters. The 
alluvial soils of our rice fields and river bottoms, and the 
virgin soils of the primeval forests, have ever proved the 
most fertile. As the vegetable mould (the manure of the 
forests) has vanished under a system of constant culture 
without manure, so have the yield of the crops diminished. 
"When Massachusetts, Connecticut, Xew York, Rhode Isl- 
and, Maryland and Virginia were first settled, the same 
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exuberant fertility was attributed to the soils of these old 
States which has since characterized those of Georgia, Ala- 
bama, Kentucky, Mississippi, Louisiana, Ohio and Illinois. 
When this country was first settled, even those portions 
naturally sterile were covered with a thick deposit of vege- 
table mould, and yielded for a time abundant crops. Under 
a reckless and exhausting system of cultivation, this vege- 
table mould, together with a large portion of the saline 
ingredients has been consumed, the crops correspondingly 
diminished, the land reduced to comparative sterility, and 
the cultivators of the soil driven to seek virgin soil in new 
and uncultivated regions. From this course, has section 
after section of the older States, which once yielded an 
abundant return, been abandoned by their original posses- 
sors, and allowed to revert back to the original wilderness. 
The reckless and ignorant exhaustion of the accumulated 
vegetable and mineral compounds elaborated and stored up 
by the vegetation of unnumbered ages, has been one of the 
prime causes of that mighty tide of emigration from the 
eastern to the western and south-western States. Under 
the same system of culture, these States, in turn, will grow 
old and barren in a century — under this system of reckless 
and ignorant culture, the original thirteen States grew older 
and more barren in two centuries than Europe and India 
and China after thousands of years of cultivation. 

We have but to look to our own State to see at once the 
value of the deposits of forests, and the effects of an igno- 
rant and reckless and grasping system of continuous culti- 
vation, without rest, rotation of crops, or manure. 

The lands of middle Georgia, which at the time of their 
first settlement, were clothed with a dense and magnificent 
forest, and covered with the accumulated mould of thous- 
ands of years, and which yielded most luxuriant and profit- 
able crops of cotton and corn to the early cultivators, who 
imagined that the soils would last forever without either 
rest or manure, and without any attention to hill-side 
ditching and plowing, now present the monotonous and 
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dreary spectacle of barren red clay hills, barely supporting 
stunted crops of cotton, struggling to lift its fruit a few 
inches above the hot and barren ground, and avoid the 
pelting of the sand, and hardly saving the reputation of the 
planter from the charge of sanded cotton. 

These bald red clay hills, marred by deep furrows and 
yawning red gullies, and by deserted, dilapidated houses, 
with their diseased, half dead fruit trees, will long remain 
monuments of that system of agriculture which has disre- 
garded the value of the vegetable deposits of ages, and 
which has had for its great object the enrichment of the 
living generation, regardless of the interests of the future 
generation. 

The same result has followed this system of culture in 
the southern portions of Georgia. The effects are not so 
patent to the eye, because the county is level, and because 
the rivers afford inexhaustible supplies of organic and min- 
eral matters to the rice plantations. It remains to be de- 
monstrated whether or not the fruitful plains of south- 
western Georgia, and the fertile valleys of northern. 
Georgia will share the same fate. 

(h,) Carefully conducted experiments, oy intelligent, 
experienced and unbiased agriculturists, have demonstrated 
conclusively that something more is needed in agriculture 
than the mineral constituents of plants. This proposition 
can be sustained only by the experiments of practical agri- 
culturists, for no matter how plausible and philosophical 
theories may be, if they are diametrically and irreconcilably 
opposed to practice, they should be immediately abandoned. 

Professor Philip T. Tyson, in his recent report to the 
House of Delegates of Maryland, thus announces his expe- 
rience: 

" When Baron Liebig's writings gave a fresh impetus to agriculture, more 
than twenty years ago, public opinion was strongly directed to the importance 
of acquiring a full knowledge of the constituents of plants. The Baron's teach- 
ings tended to produce the belief that the atmosphere would furnish all the 
organic matters required for plants, if a full supply of each the essential mineral 
constituents exist in or be supplied to the soil. 

*' Being at that time a farmer myself, I was much interested with this view of 
the subject, and lost no time in putting it to the test of experiments. I prepared 
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a mixture of mineral matters more than that contained in a crop of com, a crop 
of wheat, and two crops of clover, according to the best analyses we had at that 
time. They were applied to several varieties of soil, and the same was done by 
a friend living at some distance, whose soils differed in many respects from 
mine. The spaces to which the materials were applied, showed litt e percepti- 
ble increase of product. * * Experience has, in my opinion, demonstrated 
that very heavy crops cannot be raised during long periods of time without supplying 
the soil with manures containing at least nitrogen or ammonia And we may add, 
also, that if the soil be constantly cultivated, it must be supplied with matters 
capable of furnishing humus and carbonic acid, in order to produce heavy 
crops." — Report to House of Delegates of Maryland, Jan. 1860,p/>. 60 — 61. 

In England, this question has received most able and 
thorough attention at the hands of J. B. Lawes and Dr. J. 
H. Gilbert* 

These most practical and scientific agriculturists, chose 
wheat as the type of the cereal crops, turnips as the type of 
the root crops, and beans as the representative of the Legu- 
minous corn crop, and selected for each of these a field 
which agriculturally considered, was exhausted, and grew 
the same description of crop upon the same land, year after 
year, with difierent chemical manures, and in each case 
with one plot or more continuously unmanured, and one 
supplied every year with a fair quantity of farm yard 
manure. In this way they devoted 14 acres to the continu- 
ous growth of wheat, and 8 acres to the continuous growth 
of turnips from 1843 to 1851, and 5 to 6 acres to that of 
Leguminous crops from 1847 to 1851 ; besides these, they 
made other field experiments, amounting in each year from 
30 to 40 on wheat, upwards of 90 on turnips, and 20 to 30 
on beans, and also some on the growth of clover, and some 
in relation to the chemical circumstances involved in an 
actual course of rotation, comprising turnips, barley, clover 
and wheat, grown in the same order in which they are here 
stated; and in addition to all these experiments, these agri- 
culturists examined the subject of the feeding of animals^ 
viz: Bullocks, sheep, and pigs, and investigated the func- 
tional actions of the growing plant in relation to the soil and 
atmosphere. 

*On Agricultural Chemistry — especially in relation to the miner.il theory of 
Baron Liiibig. Hy J. B. Lawes, of Rothamstead. and Dr. J. H. G Ibct. Journal 
of the Royal Agricultural Society of England, vol. xii, Part 1, No. xxvii, 1851, 
pp. 1—40. 
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We believe that the extensive synthetic investigations 
and experiments of these laborious and conscientious prac- 
tical agriculturists will command the confidence of this 
Association. 

The following is a condensed view of the most impor- 
tant results obtained by these experiments. In the first 
experimental season (1844) the field of 14 acres devoted to 
the continuous growth of wheat, was divided into 20 plots ; 
and mineral manures were employed upon the majority of 
the plots. The following table will present a summary of 
the results for 1844 : 
Experiments on Wheat — Harvest of 1844 — Summary. 



DESCBIPTION OF MANTTBSS. 



Plot 3.— Unmanured 

" 2. — 14 tons of farm-yard manure 

•* 4. —The ashes of 14 toiia of farm yard manure 

" 8. — Minimum produce of 9 plots with artiflcial mlm-ral manure— i 

Superphosphate of lime. 360 lbs > 



Phospnate of potJis^a, 864 lbs 

*' 15. — Maximum produce of 9 plots with artincial mmera,! manure— \ 

Superphospliate of lime, 3r»0 lbs 

Phosphate of magnesi i, 16S lbs \ 

Phosphate of potassa, . . 160 lbs 

Silicate of potas^a 112 lbs J 

Mean of the 9 plots with artificial miueral manured 

Maan of 3 plots with mineral manures and (55 lbs. each of sulphate ammonia 
Mean of 2 plots with miueral manures ind 150 lbs. and 300 lbs. of rape cake 

respectively 

Plot 18. with complex udneral manure, 65 lbs. of sulphate of ammonia, and 
of rape cake 150 lbs 



Dressed Com 

per acre in 

bushels and 

pecks. 


8? 

• "3 

• 

• *i 

928. 
1276. 

888, 


Bush. Pecki. 
16. 
22. 
16. 


16. 1 

• 


980 


17. 8>i 


1096. 


16. 35^ 
21. 


1009. 
1276. 


18. 1^ 


1078. 


22. Zhi . 


ISfiS. 



•CO 



1? 

OCl ^ 

: n 



1120. 
1476. 
1104. 

1160. 



1240. 

1155. 
1423. 

1201. 

1768. 



The following are the most important results established 
by this series of experiments : 

1. The ashes of 14 tons of farm-yard manure produced 
no increase whatever over the yield of the exhausted un- 
manured plot ; whilst 14 tons of farm-yard manure in its 
ordinary condition produced an increased yield greater 
than that produced by the mineral manures, even when 
mixed with the salts of ammonia. 

2. The exhaustion of the land by previous continuous 
cropping could not have been due so much to the want of 
mineral constituents, for then some one at least of the nine 
mineral conditions, supplying in some cases an abundance 
of every mineral constituent which the plant could require, 
would have increased the yield. 
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3. The artificial manures, although liberally supplied in 
quantities greater than would supply the wants of heavy 
crops, produced scarcely any increase over the unmanured 
plots ; the average yield of the 9 plots supplied with artifi- 
cial manures being 16 bushels and 3f pecks, whilst the 
yield of the unmanured plot was 16 bushels — ^the liberal 
supplj of expensive mineral manures increased the yield 
only 3| pecks per plot. 

4. On the other hand the addition to some of these purely 
mineral manures of 65 lbs. of sulphate of ammonia — a very 
small dressing of that substance, and containing only about 
14 lbs. of ammonia — gave an average produce of 21 bushek; 
and the small addition of only 300 pounds of rape-cake to 

^ these otherwise ineffective mineral manures, increased the 
yield to 18J bushels ; and, still more striking, the addition 
of 65 pounds of sulphate of ammonia and 150 pounds of 
rape-cake, increased the yield to 22 bushels and 3 J pecks, a 
greater produce than that obtained by the 14 tons of farm- 
yard manure. 

Experiments on Wheat Harvest 1845 — Selected Results. 



DEBOKIPTION AND qUAKTITIXS OF THJE MANUBX PSB ACBX. 



Section 1. 

Plot 3.— No manure 

" 2.— 14 tons farm-yard manure 

Section 2, 

" 6.— (a.) No manure 

" 6.— (b.) Top dressed with 252 lbs. of carbonate of ammonia [dissolved) 
at 3 times during tlie spring. 

lECTlON 8. 



.. Q (Sulphate of ammonia, 168 lbs. 
*• ^Muriate of an.monia, 168 lbs. 
„ in iSuljhate of ammonia, 168 lbs. 
*"• i Muriate of ammonia, 168 ibs 



Top dressed at once. 
Top dressed at once 



Dressed Com 

per acre In 

bushels and 

pecks. 



Bush. Pecks. 

28. 0\ 

82. OH 

22. 2K 

26. 8^ 

88. IH 

31. 8H 



8^ 

OB 3 

• » 



lbs. 
1441. 
1967. 

1481. 

1732. 

2181. 
1980. 



203 



lbs. 
2712. 
8915. 

2684. 

8699. 

4068. 
4266. 



From the yield of the harvest of 1845, just recorded, we 
see that the highly volatile ammoniacal salt, the medicinal 
carbonate of ammonia^ supplied to the soil in solution during 
the spring, alone raised the produce from 22J to very near- 
ly 27 bushels; the produce obtained by 168 lbs. of sulphate 
of ammonia, together with the same, quantity of muriate of 
ammonia, sown all at once, is 33f bushels, being 1 bushel 
and 1| pecks more than that yielded by the acre manured, 
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with 14 tons of farm-yard manure, and 11 bushels more 
than the produce of the unmanured acre. 

Experiments on Wheat Harvest 1846 — Selected Results. 

3 3 

DxsoRiPTioN AKD quANTiTim or UAKTTBV FEB AORS. bushels and s^g ^^ 





S? 


Dressed com 

per acre in 

bushels and 

pecks. 


3| 

i=3 

il 
lbs. 
1207. 
1826. 


Bush. Pecks. 
17. 8^^ 

27. OX 


17. 2K 
27. 1!4 


1216. 
1850. 


19. 0>i 




27. 




20. 1>< 


1400 


29. 0«^ 


1967 



SscTioN 1. Bush. Pecks, lbs. lbs. 

Plot 8. -No manure 17. S^ 1207.1518. 

" 2.— 14 tons of farm-yard manure 27. OX 1826.2454. 

SSCTION 2. 

•' 10. (b).— No manure 17. 2K 1216.1465. 

" 19. (a).— Sulphate of ammonia, 224 lbs 27. IH 1850.2944. 

Section 8. 

" 6. (al).— Ash of 8 loads of wheat straw 19. 0}i 1641, 

** 6. (a2;.— Ash of 3 loads of wheat straw, aud top dressed with 224 lbs. 

of sulphate of ammonia 27. 9809. 

Section 4. 

** 6, (a.) — ^Liebig*s wheat manure, 443 lbs.) tu\ lu? lADn irt« 

*» 6. (b.)-Liebig'8 wheat manure, 448 lbs. J ^' ^^ 14001070. 

With 112 lbs, each of sulphate and muriate of ammonia I 29. Oy 1967 2671. 

"At this third experimental harvest we have on the con- 
tinuously unmanured plot, namely, No. 3, not quite 18 
bushels of dressed corn, as the normal produce of the sea- 
son ; and by its side we have on plot 106, comprising one- 
half of the plot 10 of the previous year, and so highly ma- 
nured by ammoniacal salts in 1845, but now unmanured, 
rather more than 17 J bushels. The near approach again, 
to identity of result from the two unmanured plots, at once 
gives confidence in the accuracy of the experiments, and 
shows us how effectually the preceding crop had, in a prac- 
ical point of view, reduced the plots, previously so differ- 
ently circumstanced both as to manure and produce, to 
something like an uniform standard as regards their grain- 
producing qnalitities. We take this opportunity of partic- 
ularly calling attention to their coincidences in the amount 
of produce in the two unmanured plots of the different 
years, because it has been objected against these experi- 
ments as already published, that confirmation was wanting 
as to the natural yield of soil and season. 

Plot 2 has, as before 14 tons of farm-yard manure, and 
the produce is 27^ bushels, or between 9 and 10 bushels 
more than without manure of any kind. 

On plot 10a, which in the previous year gave by ammoni- 
acal salts alone a produce equal to that of the farm-yard 
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manure, we have again a similar result : for 2 cwts, of sul- 
phate of ammonia has now given 1850 lbs. of total corn, 
instead of 1826 lbs., which is the produce on plot 2. The 
straw of the latter is, however, slightly heavier than that by 
the ammonical salt. Again, plot 5a, which was in the pre- 
vious season unmaiiured, was now subdivided : on one-half 
of it (namely, 5a,) we have the ashes of wheat-straw alone, 
by which there is an increase of rather more than one bushel 
per acre of dressed corn ; on the other half (5a2) we have, 
besides the straw ashes, 2 cwts of sulphate of ammonia 
put on as a top dressing: 2 cwts of sulphate of ammonia 
have, in this case, only increased the produce beyond that 
of 5a by 7^ bushels of corn and 768 lbs. of straw, which 
was the increase obtained by the same amount of ammoni- 
cal salt on 10a, as compared with 10b. It will be observed, 
however, that in the former case the ammonical salts were 
top-dressed, but in the latter they were drilled at the time 
of sowing the seed ; and it will be remembered that in 1845 
the result was better as to corn on plot 9, when the salts 
were sown earlier than on plot 10, where the top dressing 
extended far into the spring. We have had several direct 
instances of this kind in our experience, and we would give 
it as a suggestion, in most cases applicable, that manures 
for wheat, and especially ammonical ones, should be applied 
before, or at the time the seed is sown ; for although the 
apparent luxuriance of the crop is greater, and the produce 
of straw really heavier, by spring rather than autumn sow- 
ings of Peruvian guano and other ammonial manures, yet 
we believe that that of the corn will not be increased in an 
equivalent degree. Indeed, the success of the crop undoubt- 
edly depends very materially on the progress of the under- 
ground growth during the winter months ; and this again, 
other things being equal, upon the quantity of available ni- 
trogenious constituents within the soil, without a liberal 
provision of which, the range of the fibrous feeders of the 
plant will not be such, as to take up the minerals which 
the soil is competent to supply, and in such quantity as will 



Animal aud Vegetable Manures. 237 

be required during the after progress of the plant for its 
healthy and favorable growth. 

The next result to be noticed isthat obtained on plot 6, 
now also divided into two equal portions designated res- 
pectively 6a and 6b. Plot No. 6 had for the crop of 1844 
superphosphate of lime and the phosphate of magnesia 
manure, and for that of 1845 superphosphate of lime, rape- 
cake, and ammonical salts. For this, the third experimen- 
tal season, it was devoted to the trial of the wheat manure 
manufactured under the sanction of Professor Liebig, and 
patented in this country. 

Upon plot 6a, 4 cwts per acre of the patent wheat ma- 
nure were used, which gave 20 J bushels, or rather more 
than 2 bushels beyond the produce of the unmanured plot; 
but as the manure contained besides the minerals peculiar 
to it, some nitrogenous compounds, giving off a very per- 
ceptible odor of ammonia, some, at least, of the increase 
would be due to that substance. On plot 6b, however, the 
further addition of 1 cwt each of the sulphate and muri- 
ate of ammonia to this so-called "Mineral Manure,'* gives 
a produce of 29 J bushels. In other words, the addition of 
ammonical salt to Liebigs mineral manure has increased the 
produce by very nearly 9 bushels per acre beyond that of 
the mineral manure alone, whilst the increase obtained 
over the unmanured plot, by 14 tons of farm-yard manure, 
was only 9J bushels. 

If, then, the mechanical form and chemical qualities of 
the so called 'Mineral Manure,* were at fault, the sulphate 
of ammonia has, at least, compensated for the defect ; and 
even supposing a mineral manure, founded on a knowledge 
of the composition of the ashes of the plant, be still the 
great disideratum, the farmer may rest contented, mean- 
while, that he has in ammonia, supplied to him by Peruvian 
Guano, by Ammoniacal Salts, and by other sources so good 
a substitute. 

In the following table are one or two of the results of the 
harvest of 1847, which bear upon our question : 



238 



Animal and Vegetable Manures. 



Harvest of 1847 — Selected Results. 



Description and Quantities of the Ma- 
nures per acre. 



Section 1. 

Plat 3, No. Manure 

** 2, 14 tons of farm yard manure. . . . 
Sbcbion 2. 

9al. 1 ton of Rice 

go j Sulphate of Ammonia, 150 lbs ) 

* \ Muriate of Ammonia, 150 lbs. ) 

g. i Sulphate of Ammonia, 150 lbs. I 

• "j Muriate of Ammonia, 150 lbs. ) 



Dressed Corn 

per acre in 

bush, k pecks 



Bush. I Pecks. 



16 
29 

22 
26 

26 



3K 
Z% 

3 
2 





Total Corn pr 
acre in lbs. 


Straw per 
acre in lbs. 






1,123 
1,981 


1,902 
3,628 

• 



















The produce of the continuously unmanured plots is 
now seen to be almost 17 bushels of dressed corn, and that 
of the plot with farm-yard manure nearly 30 bushels. 

Plots 9a and 9b, the former of which had in the previous 
season 4 cwts. of rape-cake, and the latter 4 cwts. of rape- 
cake and 2 cwts. of sulphate of ammonia, with no direct 
mineral manure in either case since the first season of 1844, 
where in this, the fourth season, set apart for the trial of 
some substance rich in carbon (but not so either in. nitrogen 
or in miijeral matter,) by the side of pure nitrogenous sup- 
ply. Thus one-half of 9a (9al) was manured with ground 
ricej Sit the rate of one ton to the acre. The other half of 
9a (9a2) had 150 lbs. of sulphate and 150 lbs of muriate of 
ammonia, as also had 9b. The effect of the ton of rice is 
to give 32| bushels of dressed corn, or only 6 bushels more 
than the unmanured plot ; whilst the ammoniacal salts of 
9a2 and 9b gave respectively 26J and 26 bushels. That is 
to say, with a difference of only half a bushel in the two 
cases with ammoniacal salts, an average is obtained of 9J 
bushels more than on the unmanured plot. 

It surely is needless to attempt further to justify, by the 
results of individual years, our assertion, that in practical 
agriculture nitrogenous manures are peculiarly adapted to 
the growth of wheat. 

In conclusion, then, if the theory of Baron Liebig simply 
implies that the growing plant must have within its 
reach a sufficiency of the mineral constituents of which it is 
to be built up, we fully and entirely assent to so evident a 
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ti'uism ; but if, on the other hand, he would have it under- 
stood that it is of the mineral constituents, as would be col- 
lectively found in the ashes of the exported produce, that 
our soils are deficient relatively to other constituents, and 
that, in the present condition of agriculture in Great Britain, 
"we cannot increase the fertility of our fields by a supply of 
nitrogenized products, or by salts of ammonia alone, but 
rather that their produce increases or diminishes, in a direct 
ratio, with the supply of mineral elements capable of assimila- 
tion," we do not hesitate to say that every fact with which 
we are acquainted, in relation to this point, is unfavorable to 
such a view. We have before stated, however, that if a 
cheap source of ammonia were at command, the available 
mineral constituents might in their turn become exhausted 
by their excessive use. 

But it is at any rate certain that for wheat, of all our crops, 
no supply of minerals, phosphates, &c., to the fields of Great 
Britain generally, will enable it to obtain a suflScient supply 
of ammonia from the atmosphere : and, indeed, that any in- 
creased produce of it, such as British agriculture (itself so 
artificial) demands, cannot be obtained independently of an 
artificial accumulation of nitrogen within the soUy 

We might extend this discussion, and cite the experiments 
of Boussingault and of other practical and scientific agricul- 
turists, sustaining the trutli of the views which we have 
adopted, but such an extension would lead to no other result 
than a tedious repetition of similar facts, all sustaining these 
principles which we have shown to be firmly established by 
the results of careful, comprehensive, practical and philo- 
sophical experiments, and based upon immutable facts. 

From this discussion we draw the following practical 

CONCLUSIONS : 

1. The vegetable matters of the soil have most important 
relations with the growth and perfection of crops — the sup- 
ply, therefore, of vegetable matters should be preserved un- 
diminished in the soil, by annual additions. 

These supplies may be obtained upon every plantation 
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from these prime sources: first, from the deposits of swamps, 
and of rivers, from peat deposits, and from the acenmiilated 
remains of forests : secondly, from those portions of the crop 
which are neither consumed nor sent of the place, as the stub- 
ble of certain crops and cotton seed : thirdly, from farm-yard 
manure. 

2d. Whatever increases the amount of ammonia in ma- 
nure, will increase the yi^ld of crops, and especially of grain. 
We shall in the course of this report point out the manner 
in which the nitrogenized compounds (ammonia and nitric 
acid) of manure may be increased and preserved. 

3d. Farm-yard manure is the universal food of plants, and 
furnishes not only the nitrogenized, but also the mineral com- 
poimds absolutely necessary to the production of luxuriant 
crops; and during its slow decomposition in the soil liberates 
both class of compounds at the times when they are most 
needed by plants. 

4th. The deposits of swamps, the vegetable mould of forests 
and meadows, the accumulations of peat, the vegetable mat- 
ters, as stubble and cotton seed not generally consumed upon 
plantations, and the excrements of animals, should in no case 
be burned, for the ashes are comparatively valueless for ma- 
nure. 

5th. Fresh bones should not be burned, for a great portion 
of the value of fresh crushed bones depends upon the organic 
constituents. 

6th. The natural state in which humoui-s, and the various 
varieties of natural manures are found is the best for the 
nourishment and perfection of plants. It will, in many cases, 
be advantageous to hasten the chemical changes of the more 
stable and insoluble vegetable compounds. The best method 
of doing this will be discussed hereafter. 

7th. Every manure which is composed alone of mineral 
matters is necessarily partial and imperfect in its action, and 
should never be relied upon alone. 

It is well known that multitudes of the commercial manures 
belong solely to the class of mineral manures, which are com 
paratively, even to common farm-yard manure, valueless. 
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Wliy should the planters spend millions of dollars for these 
comparatively worthless compounds, often adulterated, in 
almost every case sold at exhorbitant prices, and in every 
case inferior in power to an equivalent application of farm- 
yard manure? 

We will consider in the next place, the native sources of 
fertility accessible to the planters of Georgia. 
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OTHER SOURCES OF FERTILITy IK GEORGIA, 



cHArTER xm. 



Native Sources of Fertility in Georgia. 

The Waters of Georgia — Waters of the Primitive Reeion — ^Their Purity and In- 
fluence upon Health — Character of the Deposits of the Waters of the Primiii- 
tive Region. Waters of the Tertiary Shell Limestone — they abound in Car- 
bonate of Lime — Deposits from the Rivers, Streams and Swamps in the Tertia- 
ry Lime format ion — Influence of these waters upon the health and diseases of 
the Inha^iitams — Importance of employing Cisrcrns in this region. Waters of 
the Rivers and Swamps in the So'Uh-eastern portion of Georgia — AgricuhurHl 
value of these River and Swamp Deposits — Influence of these waters upon the 
heilih of the Inhabit'nts— Importance of Cisterns upon Rice Plintations. — 
Wnte's of the Atlantic Orean — Agricultural value of the salts which it contains. 
Waters of the Cities of Savannah and Augusta — Influence of the waters of 
these cit e< upcn the health of their inh^ibitants. Sources of fertility acressible to 
every Planter— Cotton Seed, analysis of, its value as Manu»-e — Stable Ma- 
nure — Cowpen Manure — Human Excrements. Plan for theefi*ectual preserva- 
tion of the valuable ingr*>difnts of Manure. Principles which should govern 
the colle«:tion and preservation of the Excrements of Man and Animals and the 
products of decomposing vegetables. 

Water which covers two-thirds of the surface of our 
globe, and is distributed throughout the atmosphere and 
soil, exists in similar proportions in the structures of plants 
and animals and is the great medium of chemical change. 

Under the action of heat and gravitation, a great circula- 
tion of water is carried on throughout the atmosphere, and 
over the surface of the continents and islands, which disin- 
tegrates and wears down the solid rocks, dissolves and 
washes away the impurities of the atmosphere and land — 
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every fountain, every brook, every mountain torrent, and 
every river, transport these materials, and gradually alter 
the beds of lakes and seas and oceans, and build up im- 
mense deltas and islands and continents. 

The structure of the crust of our globe gives unmistaka- 
ble evidence that in its early history it was a molten mass — 
when the surface cooled it was composed of nothing but 
rocks and water, a deadbarren mass, studded with volcanoes 
and lofty rocks. Geology teaches that at this time no plant 
or animal existed upon our globe ; before animated exis- 
tence could appear, it was necessary that the solid barren 
rocks should be disintegrated, worn away, the inequalities 
of the surface filled up, and the crust of the earth covered 
by a loose, pulverized soil, suitable for the habitation of 
plants and animals — ^this was accomplished by the circula- 
tion of the water and air, under the action of heat and 
gravitation, which at the present day, preserves the purity 
of the ocean and atmosphere, waters the thirsty earth, sup- 
plies the most important elements of the structures of plants 
and animals, and clothes the surface of the earth with a 
luxuriant vegetation, which elaborates the materials for the 
formation and maintenance of all animals, from the simple 
animalcule to the complicated organism of man. 

An analogous lesser circulation of water, whose existence 
depends upon the great circulation in the inorganic world, 
is carried on unceasingly through the textures of plants and 
animals ; and water in the organized world, as in the inor- 
ganic, is the great medium of change, and the great agent 
in the removal of disintegrated, chemically altered offend- 
ing substances. 

The amount of water required annually for the circula- 
tion through the textures, the distribution of the nutritive 
materials, and the removal of the waste useless products 
of the billion inhabitants of the eaith, is, at the lowest cal- 
culation, fifteen hundred billion pounds ; while three thou- 
sand billion pounds are required for the accomplishment of 
similar offices in the animal kingdom; and the vegetable 
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kingdom, at the lowest calculation, requires annually 
9,288,000,000,000,000 pounds, or 4,644 billion tons of water. 
These facts not only point out the the great importance of 
an examination of the waters of any country, but they also 
indicate the various relations in which the Agriculturist 
should study the waters of a country. 

The following are the principle relations in which the 
waters of diflferent countries should be studied by Agricul- 
turists : 

Ist. Their relations to past geological changes. 

2d. Their relations to present changes, as determined by 
the comparison of the chemical and physical constitution 
of the rocks and soils through which the waters percolate 
and from which they are collected, with the chemical and 
physical constitution of the salts and suspended matters of 
the waters. 

3d. Their relations to present changes, as determined by 
the amounts and modes of deposition of the suspended 
matters. 

4th. Their relations to climate. 

5th. Their relations to plants and animals through the 
atmosphere and soil. 

6th. Their direct relations to plants and animals in virtue 
of their chemical constituents. 

It is evident that each one of these grand divisions would 
have many sub-divisions — thus the sixth division would in- 
clude, besides many other sub-divisions, the most important 
subject of the relations of the mineral constituents of the 
waters of springs, wells, streams and rivers, seas and oceans 
to the health of man. 

It is still further evident that the most important art of 
irrigation must depend for its perfection, and for its scienti- 
fic and successful application, upon a knowledge of the 
physical and chemical constitution, and upon the physical 
and chemical and physiological relations of the waters. 

This subject is as vast as it is important, and as no prac- 
tical attention has been paid to it in Georgia, we must 
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begin from the very foundation, and endeavor to establish 
the relations of the waters of Georgia to agriculture, and 
to the health and diseases of her inhabitants, by careful and 
laborious investigation. 

The investigation, now commenced, will require for its 
thorough execution, years of laborious research ; we must, 
therefore, defer for the present, the full discussion of the 
most important subject of irrigation ; for it would be idle 
to recommend the extensive employment of a most expen- 
siye system of agricultural improvement, before the chemi- 
cal constitution and agricultural capabilities, and topo- 
graphical relations of the soils of Georgia have been es- 
tablished, and before the climatic relations of the various 
geological formations, and the physical and chemical char- 
acters of the various waters of diverse geological formations 
have been determined. 

Upon the present occasion we will content ourselves with 
stating some of the most important circumstances which 
should determine the employment of irrigation. 

Ist. The character of the water. 

Those waters which contain the largest proportion of the 
salts necessary for the healthy constitution of plants, are 
within certain limits, the most valuable for irrigation — the 
sewerage water of towns, as we shall show hereafter, is of 
great value in irrigation. We say within certain limits, for 
sea water, which contains many of the salts which enter 
into the constitution of plants and animals, is too concen- 
trated for any other than a limited and occasional applica- 
tion to land. 

2d. The character of the soil. 

It is almost the universal experience of agriculturists that 
the effects of irrigation are not only more immediate, but 
are also more powerful upon sandy soils. 

3d. The climate. 

If the atmosphere be sufficiently loaded with moisture 
and the rain be sufficiently abundant, or if the summers be 
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short and the winters long and severe, irrigation would be 
unnecessary. 

4th. The supply of water. 

If the supply be subject to great alterations, and if, as in 
many parts of the State of Georgia, it be intermittent, 
questions would arise with reference to constructing reser- 
voirs for the water, so that it might be in abundance when 
most needed. In the larger tracts of the level portions of 
the State, the construction of suitable reservoirs would be 
almost impossible and in any case the expense would not 
warrant the undertaKing. In many parts of the country 
dams cannot be thrown across streams and rivers, and es- 
pecially across swamps, without injuring the surrounding 
plantations. la many of the swamps and streams in the 
southern portion of the State, the fall is so small and the 
course of the water so sluggish, that any obstruction which 
would permit of a sufficient supply for irrigation would 
seriously damage numerous plantations. 

5th. The structure and elevation of the land. 

No two tracts of land and in fact, scarcely two acres in 
the same tract are alike ; and as it is essential for the suc- 
cess of irrigation that the water should not cover the land 
iu any part to any depth, but should flow off continuously, 
inclined planes are necessary in meadow irrigation, and 
in every form of irrigation, the levels, lines and angles 
must be arranged with the greatest care and accuracy. — 
The preparation of the surfaces of land for irrigation is 
one of the most difficult operations in agriculture, and de- 
mands accurate notions of solid geometry. 

6th. The expense of the preparation of the land, and of 
the elevation and distribution of the water. 

The expense of irrigation in England, as we shall show 
hereafter, has been very great. In Georgia, the expense 
will depend upon the cost of labor, of the preparation of 
the land and of the machinery necessary for the elevation 
and distribution of the water. 

7th. The relations of irrigation to the great staples of the 
South. 
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As far as our information extends, irrigation has never, 
in this country, been applied to the cultivation of cotton. 

8th. The effects upon health. 

I am persuaded that the waters of our swamps, especially 
in hot, dry seasons, would tend to produce ill health in the 
operatives. This question is far more important than that of 
expense or profit. 

It would be absurd for any one to recommend the extensive 
employment of irrigation before these questions were settled. 

The waters of Georgia should be studied and classified ac- 
cording to geological, rather than geographical boundaries. 
In a general survey of the waters of Georgia, we have nine 
distinct classes ot waters', which include many varieties de- 
pendent upon chemical and physical variations in different 
geological strata, deposited during different geological periods. 

1st. The waters of the springs, wells, streams, rivers and 
lakes of the Primitive Eegion. 

2d. The mineral waters of the Primitive Region. 

The term primitive is applied to the extensive belt of coun- 
try that lies between the eastern base of the Blue Kidge and 
the north-western terminations of the Cretaceous and Tertiary 
formations, embracing the counties of Eabun, Union, Lump- 
kin, Habersham, Franklin, Hart, Elbert, Madison, Hall, For- 
syth, Gwinett, Jackson, Clarke, Oglethorpe, Wilkes, Lincoln, 
Columbia, Warren, Hancock, Taliaferro, Greene, Putnam, Jas- 
per, Morgan, Walton, Newton, DeKalb, Henry, Butts, Fay- 
ette, Fulton, Cobb, Campbell, Carroll, Coweta, Heard, Troup. 
Meriwether, Pike, Upson, Monroe, and portions of Gilmer, 
Cherokee, Cass, Paulding, Talbot, Crawford, Bibb, Jones, 
Baldwin, Richmond and Crawford. 

Ihe rocks of this region of Georgia are chiefly sedimenta- 
ry, non-fossiliferous, as micaceous, felsphathic and sienitic 
gneiss, horublend schist, talcose slate, cliloritic slate and other 
rocks of closely related characters. In several localities, as 
in DeKalb county, large masses of granite are found. Crys- 
talline Primitive Marble exists to a limited extent in several 
of the counties in this region, as in Hall and Habersham; it 



In Georgia. 251 

does not exist, however, in sufficient abundance to exert any- 
marked effects upon the waters of this region. 

3d. The waters of the springs, streams, rivers, and lakes of 
the transition or older fossiliferous formations in the northwest- 
ern portions of the State, embracing Cass, Murry, Chattooga,. 
Walker, Dade and Floyd, and portions of Paulding, Cobb, 
Cherokee and Gilmer counties. 

4th. The mineral waters in the older fossiliferous formations 
in the north western portions of the State. 

5th. The waters of the springs, wells, lakes, rivers and 
swamps of the Eocene Lime formation, lying to the south and 
south-west of the Primitive and Cretaceous formation, em- 
bracing portions of Richmond, Burke, Screven, Effingham, 
Emanuel, Jefferson, Washington, Laurens, Pulaski, Twiggs, 
Houston, Bibb, Macon, Sumpter, Randolph, Lee, Baker, De- 
catur, Dooly, twin, Thomas and Lowndes. 

6th. Tlie waters of the springs, wells, lakes, streams, rivers 
and swamps of the Cretaceous formation lying between the 
Primitive and the Eocene, and embracing the counties of 
Marion, Muscogee, and portions of Talbot, Harris, Stewart, 
and Randolph. 

7th. Waters of the springs, wells, streams, swamps and 
rivers of that portion of the tertiary formation which extends 
from the south, south-western and western boundaries of the 
eocene lime formation, to the Savannah River and the Atlan- 
tic ocean, embracing Effingham, Chatham, Bryan, Tatnall, 
Liberty, Mcintosh, Glynn, Wayne, Appling, Montgomery, 
Telfair, and Ware. 

8th. The waters of the Salt Rivers and of the Atlantic Ocean. 

9th.) The Waters of the Cities am^d Towns of Georgia. 

These are made a distinct class, because the waters of cities 
are greatly altered and contaminated by excrementitious mat- 
ters, and the health of the inabitants, and the prevalence of 
epidemic and contagious diseases influenced by the condition 
of the waters. 

Upon the present occasion we shall offer observations only 
upon the 1st, 6th, 7th, 8th and 9th classes, reserving the others 
for future reports. 
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Waters of the Primitive Regions of Georgia. 

The waters of no part of the world contain less mineral mat- 
ter in solution than the waters of the Primitive regions of 
Georgia. 

A distinction must be made between the mineral and the 
suspended matters of streams and rivers. Water may present 
a turbid muddy appearance from the presence of insoluble 
suspended matters, and yet be very pyre. It is known to 
every resident of middle Georgia, that the streams and rivers, 
especially in wet seasons, present a turbid reddish and brown- 
ish yellow, and red appearance. This is due to the presence 
in the waters of the insoluble red clay washed down by the 
rains. 

The following analysis of the Savannah river water opposite 
Augusta, just at the termination of the Primitive formations 
of Georgia and South Carolina, which it drains, will afford 
the best view which we can present, of the average composi- 
tion of the streams of middle Georgia. 

Analysis 32. Savannah river water opposite the oitt 

OF Augusta. 

September 10th, 1S60. Water unusually low — the season 
had been iiot and dry. Suspended matters in 100,000 grains. 
Grs. 5. The suspended matters are much less than in wet sea- 
sons, when the red clay is washed down. These suspended 
matters were found under the microscope, to consist of par- 
ticles of black and white mica, fine silicious sand, minute par- 
ticles of dilierent non-fossiliferous primitive rocks, animalcules 
and clay colored red by peroxide of Iron. 100,000 grains of 
water after the removal of the suspended matter contained : 

Soliil matters 4.2936 

i Lime 0.422o 

Carbonate of Lime, . 7544. f Carbonic Acid 0.3319 

[Magnesia 0.0119 

Carbonate of Magnesia, 0.0250 ) Carbonic Acid 0.0131 

Sulnh'ite of Lime slight trace. 

Chlori :1c of Calcium slight trace. 

Chloride of Maffuesiura slight trace. 

Phosphate of Lime slight trace. 

) Sodmm 0.0265 

Chloride of Sodium, 0.0436. j ChioriMe 0.0171 

i Soda and Potassa 0.0216 

Slnh'tes of Soda k Potassa, 0.04S9. i" Sulphuric Acid 0.0273 

Silicic Acid, Silicate of Alumina, Silicate 1 
of Potassa, Silicate of Soda, together with I 
a small proportion of Organic matter and [ 
traces of Ammonia J 3.1210 
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The following analysis, presents as far as my investigations 
extend, a correct view of the general composition of the waters 
of the springs of middle Georgia. The Turknett springs from 
which the sample was taken, may be taken as a type of the 
springs generally, in the primitive region of Georgia. The 
waters of the Turknett spring issue from the base of the prim- 
itive sand hills near Augusta, which are composed of the fol- 
lowing strata: Pand and kaolin ; red clay, sand and pebbles, 
with masses of kaolin; primitive sand-stone (a conglomerate 
of quartz, mica, horn-blende tourmalin, and kaolin clay ;) 
chloritic slate and quartzose slate ; talcose slate ; mica slate ; 
gneiss, intersected in some localities with veins of granite. 
This is the most general arrangement of these high-lands, 
although not in this exact order or number. In addition to 
these minerals, in this immediate locality, a small deposit of 
arragonite in chlorite slate, has been discovered by Mi*. Wil- 
liam Phillips, the accomplished Civil Engineerof Augusta, near 
Il$)^'s creek, on a line to the east, (the sand hills run east and 
west above Augusta,) with the Turknett spring and one mile 
distant. I have carefully examined this locality, and find that 
the deposit of arragonite is exceedingly limited in quantity, 
and from its deposition in thin layers in the cracks and seams, 
and between the strata of the chloritic slate, and from the size 
and perfection of the crystals in many parts, has evidently 
been deposited from water charged with carbonate of lime, 
percolating through the chloritic slate. The arragonite varies 
in thickness, from two inches to a mere film, coating the sur- 
faces of the chloritic slate. Crystalline milky quartz is mixed 
with the arragonite and deposited in a similar manner in the 
seams and between the strata. This has evidently been de- 
posited in a similar manner from water percolating through 
the crevices, and between the strata of the chlorite slate. It 
is probable that the aragonite and the quartz were deposited 
at the time of the decomposition of the potash and lime fels- 
pars, from which the extensive beds of kaolin found in these 
regions were derived. Near this locality a few small crystals 
of cubic pyrites have been discovered in the chloritic slate. 
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A careful examination of the relation of these minerals, and 
of the water which passes over them, convince me that they 
could under no circumstances, exert any influence upon the 
waters of the Turknett spring, for they exist in too small 
amount to affect to any extent even the waters of Kae's creek, 
and more especially, because the valley of Bae's creek which 
receives the waters flowing over these minerals, is separated 
for one mile by highlands from Turknett spring, and pursues 
a different direction from the valley of the Turknett spring, 
and its waters flow in an entirely different direction. 

An unsuccessful attempt was made to bore an artesian well 
in the valley, into which the waters of the Turknett spring 
flow, some 30 yards below the main fountain — ^the boring was 
arrested by gneiss rock, at a depth of 60 feet. 

The following is the section of the valley just below the 
Turknett spring, at the base of the sand hills, which was once 
covered with a luxuriant vegetation : Sand and organic ma^ 
ter, 1 foot ; peat, 2 feet ; coarse angular sand, pebbles and 
kaolin, 12 feet ; clay, sand, and pebbles (the clay was chieiy 
kaolin, and of a flner and whiter character than the preced- 
ing,) 34 feet ; primitive non-fossiliferous rock at 60 feet be- 
neath the surface, undetermined. 

We have mentioned the deposit on Eae's creek for it is the 
only locality near Turknett spring where any rocks other than 
the silicates can be found. 

The waters of the Turknett spring are perfectly limpid, and 
have been used by the citizens of Augusta for 26 years for all 
the purposes of life. 

AnAXYSIS 33. TUBKNETT SPBIKG WATER. SPBINa SIIUATED 2 
MILES FBOM AuGUSTA. SPECIMEN OF WATEB TAKEN FROM A 
HYDBANT IN THE CITY SEPT. IItH, 1860. SeASON HOT AND DBT. 

Waters of all the neiqhbobing cbeeks and rivers unusu- 
ally LOW. The drought had been so great that thb 
crops had suffered seriously. It is evident that such a 

SEASON IS MOST SUITED FOB TESTING WATEB. SpEOIFIO OBAVITY 
BUT VEBY LITTLE GBEATEB THAN DISTILLED WATEB. 

100,000 grains contain : 
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Solid reaidae 8.6282 

I Lime 0.1548 



Carbonate of Lime, 0.2576. 



Carbonic Acid 0.1038 

Magnesia 0.0116 

Carbonic Acid 0.0185 



Carbonate of Magnesia, 0.0250. ) 

Sulphate of Lime slight trace. 

Sulphate of Magnesia slight trace. 

Sulphates of Soda and Potassa slight trace. 

) Sodium and Potassium 0.0357 

Chlorides of Sodium and Potassium, 0.0858. ) Chlorine 0.0501 

Silicic Acid, and Silicates of Soda and \ 

Potassa, held in solution by Carbonic > 2.863 

Acd, (chiefly Silicic Acid and Silicate of Potassa.) ) 

This analysis shows not only the great purity of the springs 
in the primitive region of water, but it also illustrates impor- 
tant geological changes which have been in progression for 
thousands of years. I allude to the relations of the silicates 
and silicic acid to the other constituents, and to the extensive 
beds of kaolin in the primitive region of Georgia, and in the 
tertiary formation just below the primitive region, and to the 
occurrence of extensive deposits of silicified shells (Burr Mill 
stone in the eocene formation,) which, as far as my investiga- 
tions extend, form the superficial strata of the fossils of the 
eocene formation, and are overlaid by the joint clay which ap- 
pears to be closely related in formation, and chemical consti- 
tution and geological age, with the kaolin clays just below 
the primitive formation, which have resulted in some former 
time from the decomposition of eurite and felspar. 

.In the waters of this spring we have proofs that the decom- 
position of felspathic minerals is still progressing, and that 
certain elements of this decomposition can be transported in 
the waters, suspended by carbonic acid-gas. It seems but 
reasonable to suppose that the silicate of alumina resting upon 
the eocene shell formation (joint clay,) was derived from the 
same sources as the beds of white kaolin clay, and that the 
silica which permeated and transformed the shells of the up- 
per portions of the eocene fossils, was liberated at the same 
time. These facts are important in pointing out the geologi- 
cal age of the kaolin beds. 

These examinations establish the great purity of the Waters 
of the primitive region of Georgia, and demonstrate that they 
are suitable for irrigation. 

It is to the purity of its waters as well as to the salubrity of 
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its climate, and the freedom of the soil from vegetable mat- 
ters that middle Georgia owes its reputation for health. A 
comparison of the mortuary statistics of this part of Georgia, 
with the southern and north-western regions, not only estab- 
lishes its pre-eminence in healthfiilness over the cretaceous, 
tertiary and older fossiliferous formations of Georgia, but alr.o 
establishes the fact that its inhabitants both white and black, 
are as healthy and as long lived as the most favored people 
in the world. 

Waters of the lertiary Lime Formation of Georgia, 
a. Waters of the Springs issuing out of the Shell Limestone 
of the Eocene. 

We have before alluded to the fact that streams of water 
frequently issue out of the sides of the hills composed of 
shell limestone, and we have described the subterranean 
passages formed by these streams in the shell limestone. 

The volume of these streams varies greatly, in some in- 
stances it is sufficient to turn more than a dozen mills within 
300 yards of the orifices of the subterranean streams. 

The following analysis will present the general compo- 
sition of the water. The waters for these analyses were 
selected from characteristic springs. 

Analysis 34. — Waters of Limestone Spring, 5 miles from 
the Central Railroad, in Burke countv. 





i gallon of 

70,000 
grains con 
rain grains. 


100.000 
grains 
contain 
gruins 


100 gal- 
lons con* 
tarn grains 


Solid Residue 


15 02G0 

13.2G78 
7.4295 
5.83(i5 
0.0756 

fitint trace 

no truce. 

no trace, 
trace, 
trace. 

no trace. 
0.4878 
02956 
0.1918 
1.1237 


21.4658 

18.9540 

10.6137 

8.3393 

0.1080 


1502. 


C Carbonate of lime • 


1336. 


\ Lime in carbonate of lime 


742. 


C Curbonic acid in c ^rbonate of lime 


583. 


Carbonate of mnffnesia 


75G 


Sulithat^ of lime 




Sulnhate of oorassa • 






Sulnhue or soda 






Siilohiiric acid 







Silicic acid 






Carbonate of iron 






C Chloride of Sodium 


0.6964 
04224 
0.2740 
1.6053 


48.78 


\ Chlorine in chloride of sodium 


29.56 


C Sodium in chloride of sodium 


19.18 


Caibonates and silicates of soda and potassa. . . 


112.37 
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Analysis 35.^ — Waters of a Limestone Spring, 12 miles from 
Wayne&borOy Burke county , Ga,, which issues out of the base 
of a hill composed in great measure of Shell Limestone. 

As is usual with such springs, the basin is formed of 
white sand and particles of shells and echinoderms. As 
the water boils up, these particles of sand and shell are con- 
tinually thrown up, producing a boiling appearance. The 
waters of this, and in fact of all similar springs in the 
eocene formation of Georgia, which I have examined, are 
perfectly transparent, and as the stranger approaches the 
streain, it is difficult to persuade himself that there is any 
water in the stream before him. They resemble in trans- 
parency the waters of the celebrated springs in Florida. 

In the summer season the waters are deliciously cool and 
inviting, but they are said to quench thirst imperfectly ; and 
if drank continOously, will first increase the appetite great- 
ly — during this increase of appetite, the patient gains flesh ; 
after several months or a year, however, the bowels become 
torpid, and the complexion indicates derangement of the 
liver. Those plantations upon which these waters are used 
by the negroes, are said to be much more subject to climate 
diseases, and to exhibit much higher bills of mortality, espe- 
cially amongst ths young, than those upon which rain 
water, or water which has simply percolated through the 
joint clay, is used. A most intelligent, practical and exten- 
sive planter of Burke county, informed me that since the 
abandonment of his limestone springs and wells, and the 
substitution of rain water, collected in cisterns, disease had 
diminished at least four-fifths amongst his servants and in 
his family. 

100,000 grains contain : 
Solid residue 22.649 

c«bonate of lime 8i.46r| ^Xnieiiid::::::::;::::;:;:;:;:::::::::: ^f'dl 

Carbonic acid combined with water, but which escaped during eraporationi 9.445 

C«bonste of magnesU 0.248 | ^Xl'kiid: l i '. ! ! i ! .•.■.•.■.•.•;.•.•.•.•;. ! 1 ! ! ! "a? 

Sulphate of hme slight trace 

Sulphuric acid trace 

Sulphate of magnesia no trace 

Silicic acid trace 

Silicate of potassa and soda trace 

CUorid.of«HUum0.878||°^^JS^;;;:;;y;;;;;;;;; ••;;•;;:;:;:::;:; «:»*g 
17 
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If we compare this analysis with the previous one, we 
observe a slight difference in the amounts, but not in the 
character of the constituents. They are both rich in car- 
bonate of lime, and almost entirely devoid of carbonate of 
magnesia and the sulphates. These facts are readily explained 
by instituting a comparison between the chemical constitu- 
tion of the waters and the shell limestone formation through 
which they have percolated. In this formation lime 
abounds, whilst magnesia exists in comparatively small 
quantities. The presence of chlorine in these waters is due 
in part to their marine origin. From the greater solubility 
of the chlorides, they have been far more rapidly removed 
than the carbonates, and little more than a trace remains, 
where formerly, in past ages, when the deposit was first up- 
heaved from the oceans bed, immense quantities existed. 

The abundance of carbonate of lime in these waters, and 
the absence of all noxious compounds, indicate their great 
value in agriculture. 

The great value of these waters in irrigation may be still 
farther illustrated by the composition of the deposits of 
swamps through which these waters flow. The samples of 
swamp deposits, the analyses of which are given below, 
were carefully selected by myself from the bed of a stream 
in Burke county, which issued out of the limestone hills, 
and in the course of a few hundred yards attained a volume 
sufficient to turn several mills. The preceding analysis 
represents the composition of these waters : 
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Swamp Deposits impregnated with Carbonate of Lime from the 
waters issuing out of the surrounding Shell Limestone hills. 



Carbonate of lime 

Lime in the carbonate of lime 

Carbonic acid in the carbonate of lime 

Carbonate of magnesia 

Phosphate of Jime 

Lime in the phosphate of lime 

Phosphoric acid in the phosphate of lime 

Sulphate of lime 

Chlorides of soda, potassa and magnesia 

f ^Ulmicacid 

! Organic ! Humic acid 

I matters, j Crenic acid, undecayed vegetable 

(^ J ters, anamalcules, &c 

Silicates insoluble in hydrochloric acid 

Silicious sand 

Alumina and oxide of iron 

Water as moisture 



mat- 



1 

1 

J 



No. 1. 



O CD 



ore 






8 

P 



o 

CO 

3 

■a 



9.739 
5.454 
4.285 
0.030 
0.615 
0.332 
0.283 
trace 
0.120 



1.398 

32 190 

47.173 

1.140 

6.628 



No 2 



0) 



.C3d 

a 7 a 

5* I o 

o "a 

3 CD 



2 083 
1.1G7 
0.916 
0.009 
0.292 
0.158 
0.134 
trace 

• • • • 



2.912 



28 409 

1.329 

64 714 



No. 3. 



K 



^ 'T "l 
I 

» 
•o 3 

2 o 



6.808 
3.813 
2.995 
029 
0.822 
0.444 
0.378 
trace 



8.221 



80 211 
3 766 



Finally, we need no greater proof of the agricultural 
value of these deposits than the size and luxuriance of the 
dense forests which grow in the course of these streams, 
and the rank vegetation which grows in the lakes formed 
by these waters. 

b. Waters of the Wells of the Shell Limestone of the Eocene 
formation of Georgia. 

The waters of the wells'in the eocene formation of Geor- 
gia, will vary with their depth, and with the character of 
the strata from which the waters are collected. Thus, if 
the strata of joint clay be thick, and the well does not pass 
through this strata, the water will be comparatively pure. 
As we have before shown, the joint clay contains relatively 
but a very small proportion of carbonate of lime, and is 
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composed almost entirely of insoluble silicates. The waters 
of wells sunk in the shell limestone, will differ in no essen- 
tial respect from the waters of the limestone springs. The 
following analyses will substantiate these statements : 
Analysis 36. — ^Well water from well 55 feet deep, in strata 
of joint clay 58 feet deep. July 4th, 1860. Hot and dry 
weather — all the streams and wells were low. Many of 
them in Burke county were entirely dry. This well was 
situated in Burke county, 7 miles from the 90 mile sta- 
tion C. R. R. 

100,000 grains contain : 
Solid residue 13.840 

Carbonate of Ume 12.960 | ^.me. . . . ■^■■- ■■■■-••-•■ ---[V"-: IJ^ 

Carbonate of magnesia 0.015 | ^Xnt^iid! l ! ! ! ! ! i '. ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! ! Siw 

Chlorides of sodium and cal- ( Sodium, calcium aad magnesium 0.849 

cium and magnesium 0.826 { Chlorine 0.477 

Sulphates of soda and potassa 0.002 | |°{pTurio°Ld .*!! ! l '. l ! ! ! ! i ! ] ! ! l ! ! ! ! ! SZ 

Sulphate of lime no trace 

Silicic acid trace 

Silicates of potassa and soda traces 

Analysis 37. Waters prom a Well in the Shell Limestone Eocene formation 
IN Burke Coonty GsoRGrA, Joly 4th, 1860. hot and dry season. Waters op 
this Wbll were unually low. 
100,000 Grains contttin ; 

Solid Residue 35.738 

} Lime 19.316 

Carbonate of Lime, 34.492 3 Carbonic Acid 15.176 

Carbonic Acid holding the Carbonate of Lime in solu 
lion in the water, but escaping during evapora- 
tion, J 15.176 

! Magnesia 0.202 
Carbonic Acid 0.22*3 

S Calcium) 0.230 
Sodium 3 
Chlorine 0,370 

Silicic Acid , trace 

Sulphate of Lime , .... no trace 

Sulphuric Acid slight trace 

The injurious effects of the waters of these wells which 
penetrated the Shell Limestone formation may be illustrat- 
ed by a simple calculation: at least 17 grains of Carbonate 
of Lime would be consumed by an adult laborer, daily during 
the hot weather of suiftmer. This Lime would meet with 
various acids as acetic and hydrochloric acids in the stom- 
ach, and be converted into acetates and chlorides, which 
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independently of their diuretic and irritant action upon 
the animal economy, must derange the chemistry of diges- 
tion and nutrition, and by these actions, lay the system open 
to disease. 

(C.) WATERS OF THE LAKES OF THE EOCENE LIMETSONE FOR- 
MATION OF GEORGIA. 

The character of the waters of the lakes will depend 
upon their origin, and upon the character of the sides and 
bottoms of the lakes. If the waters of the lakes issue out 
of the shell-limestone, the waters will be impregnated with 
lime. 

If the waters be^derived from the joint clay, and if at the 
same time the bottom and sides of the lake be formed of 
joint clay or of any other clay in which lime exists in no 
larger proportion than from one-half to three per cent., then 
the waters will be pure, suitable for drinking (provided 
there be not too much vegetable matter,) and the propor- 
tion of the lime will be very small. 

The planter in determining whether the waters of a lake 
are suitable for his cattle, must examine into the sources 
of the water and the character of the bottom of the lake. 

The chemical composition of the lake water derived from 
the shell limestone formation does not differ from the com- 
position of the waters of limestone springs and wells sunk 
in the limetone formation, and hence it is unnecessary to 
present analyses of the waters of such lakes. 

The other proposition, however, needs confirmation. The 
following analysis will substantiate the proposition, that 
the waters drained from the joint clay are comparatively 
free from Carbonate of Lime. 

Analysis 38. Waters op a Lake in Burke County — One Mir^E in length 

AND ONE SIXTH OP A MiLE IN BREADTH — We APPLY THE TERM LaKE TO THIS 
SMALL SHEET OP WATER, BECAUSE IT IS THE MODE IN WHICH SUCH SHEETS OF 
WATER ARE DESIGNATED IN THE TeRTIARY FORMATION IN GEORGIA. 

100,000 grains conrain ; 

Solid Residue 2.1468 

• {Lime 0.3190 

Carbonate of Lime, 0,6690, S Carbonic Acid 0.2500 

) Magnesia 0.008 

Carbonate of Magnesia, 0.015. ) Carbonic Acid 0.007 
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Su'pha'e of Magnesia no trace 

Su Ichate of Lime no trace 

Sulphuric Acid slight trace 

Silicic Acid, trace 

Chloride of Sodium and Potissium, 0.451, 1 Sodium and ) ....0.186 

y Poassium ) 

3 Chlorine 0.265 

Sulohate of Soda no trace 

Sulphate of Potassa no trace 

Organic Matters 0.998 

The establisliment of the purity of these lakes which de- 
rive their waters from the joint clay is important in its re- 
lations to the raising of stock. 

From this analysis we see that this lake water is purer 
even than the Savannah River, and Turknett spring waters. 

I need scarcely add that thes waters would be suitable for 
irrigation, and that it would be far more wholesome to 
drink such water than that of the Limestone springs and 
wells. With reference to the organic matter in the waters 
of the lakes they may be entirely precipitated by adding 
a small quantity of powdered alum and allowing the coagu- 
lated oro:anic^matters to settle. 

{d) Waters of the Streams and Rivers in the Eocene Forma' 

tion of Georgia, 

Those streams which derive their waters chiefly from the 
Shell-Limestone formation, contain much carbonate of lime 
in their waters ; while those streams which are supplied with 
water from the sand and clays resting upon the Shell-Lime- 
stone formation are remarkably pure, and do not contain a 
much larger proportion of carbonate of lime than the streams 
of the primitive region. The rivers which flow through the 
Eocene formation do not contain as much carbonate of lime, 
as we would suppose, for two reasons : 

1st. Their waters are derived chiefly from the highlands of 
the primitive belt. 

2d. Over large tracts of the Eocene formation through 
which they flow the joint cla,y varies in thickness from 10 to 
60 feet, and their waters are therefore derived chiefly from 
this strata, which, as we have demoustrated in a former chap- 
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ter, by analysis, contains little more carbonate of lime than 
soils derived from primary rocks. 

We have before, in analyses 34 and 35, presented the com- 
position of the waters of the streams issuing out of the Shell 
Limestone, and it will be necessary only to substantiate the 
the proposition that the larger streams and rivers are not so 
strongly impregnated with carbonate of lime, and in fact are 
comparatively purer. The establishment of this fact is im- 
portant in its bearing upon the use of these waters for both 
man and beast. 

We have selected Buck Head Creek, which drains a large 
body of land in Burk^ county, as a type of the streams in the 
Eocene formation of Georgia. 

Analysis 39. Waters of Buck Head Creek, 12 miles from 
Waynesboro. July 3d, 1860. Season unusually hot and 
dry. The analysis will represent the waters of Buck Head 
Creek in their most concentrated state. Waters clear, with 
little suspended matter. 

100,000 j^ains contain : 

Solid Residue BOfiT 

)Lime 3.100 

Carbonate of Lime, 5.346 > Carbonic Acid 2.440 

) Magnesia 0.014 

Carbonate of Magnesia, 0.029 > Carbonic Acid 0.015 

Sulphate of Lime no trace- 
Sulphate of Magne.«ia no trace. 

Sulphate of Soda no trece. 

Sulphate of Potassa no tr^ce. 

Sulphuric Acid very slight trace. 

Silicic Acid trace. 

ChloriHes of Sodium and Potassium, 0.452 ) So<1ium and Potassium, 0,187 

JChlorine, 0.2G5 

Organic matters 

We have in the waters of Buck Head Creek only 5 12 
grains of Carbonate of Lime in the 100,000 grains, or less 
than four grains in the gallon of water ; whilst in the streams 
and wells of the Shell Limestone formation, we have from 10 
to 30 grains of Carbonate of Liine to the gallon. 

The only advantage for druikiug purposes which the watei's 
of the Limestone springs and wells could have over the waters 
of the streams and rivers is the absence of organic matters. 
We have before mentioned that these may be removed from 
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the drinking waters by filtration, or by the employment of a 
solution of Alum in exceedingly small quantities. 

Analysis 40. Waters of the Ogeechee Eiver, near the 90 
mile Station, C. K K, between tmanuel and Burke coun- 
ties. July 5th, 1860. Season hot and dry. — Waters of 
Eiver very low.— Most favorable time for determining the 
characteristic properties. Waters of a greenish tmt.— 
Comparatively, with other river water very clear. Upon 
standing let fall a light yellow deposit of joint clay and 
animalcules and organic matters. 

100,0000 grains contain : 

Solid Residue 6.011 

)LimB '. -iStt 

Carbonate of Lime, 4.192 ) Carbonic Acid 1,844 

! Magnesia O.lOl 
Carbonic Acid O.llO 

Sui^'hate of Lime slight trace. 

Ph spha'c of Lime slight irace. 

> Sodium 032f» 

Chlorideof Sodium, 830 5 Chlorine 0.504 

) Sodaand Potassa 0.0034 

Sulphate of Soda and Potassa, 0.007 S Sulphuric Actd 0.0036 

Silii-ic Acid -.— 

Vegetable Matters with traces of Ammonia 0.689 

This analysis of the watei's of the Ogeechee River, at a 
time most favorable to test its purity, establishes the fact that 
it is suitable for all the purposes of life. We would, at first 
siglit, suppose that the waters of this River, which flows 
through the Eocene Lime formation, would be loaded with 
Carbonate of Lime. Tlie purity of the waters and the small 
per centage of Carbonate of Lime is readily explaiued when 
we consider that the great body of the waters of the Ogee- 
cliee are derived from the primitive regions of Glascock, 
Warren, Taliaferro, Hancock and Greene counties. 

We shall hereafter present facts to show that it is highly 
probable that the waters of the Shell Limestone formation 
are discharged by subterranean passages into the Atlantic 
Ocean, and do not, therefore alter materially the chemical con- 
stitution of the waters of the large rivers of Georgia, which, 
witliout exception, take their rise in the highlands of the great 
primitive belt. 

The following table will present a comparative view of the 
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chemical conatitation and relations of the waters ai 
tions of the EoeeQe Strata of Georgia : 

TaJt^ 41. Bdaiwns of the Waters and Strata of t 

Formation of Georgia. 
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TPfrffiT-s of the Tertiary Plain lyingleiween the southern and 

eastern boundaries of the Eooene formation. 

Waters erf Swamps. 

la the level plain which extends up from the Atlantic 

ocean, from SO to 60 miles, there are nmuerons swampa which 

discharge their waters into short, deep, slug^sh streams, in 

moBt cases surrounded bj extensive swaiups and marshes. 

The tide flows nearly to the sources of these rivers, and during 

dry weather, the tides sometimes peuetrate for a considerable 

distance into the deepest swamps. 
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These swamps increase in breadth from their junction with 
the rivers, and interlocking with each other form a chain 
across Georgia and Carolina, several hundred miles in length, 
parallel with the sea coast. 

This low plain with its extensive swamps, is bounded by 
elevated lands called the Sand Hills. The rise from the At- 
lantic ocean to the ancient sea beach which forms the com- 
mencement of these elevated lands, is not more than from 10 
to 30 feet, whilst the elevation of the second plain varies from 
60 to 100 feet above tide water. 

This elevated plain continues back from 50 to 70 miles, 
when it is in turn bounded by another escarpment, or ancient 
sea cliff running nearly parallel with ,tlie lower sea mar- 
gin. Beyond this ancient sea beach we have another exten- 
sive plain, which gradually rises to the primitive region. 

The dry land, of the first plain, suitable for the cultivation 
of corn and cotton, is composed in large measure of sand, with 
varying admixtures of red and yellow clays, forming a rich 
loose soil, containing much organic matter, easily penetrated 
by the roots of vegetables, and supporting dense forests and 
cane-breaks. 

The soil of the river bottoms, and swamps and marshes, 
consists of a rich black deposit of vegetable matter, mixed 
with varying proportions of sand and clay, sometimes alter- 
nating with beds of marl and sand — this clay deposit varies 
in depth from 6 to 13 feet, and rests upon sandy formations 
which have been referred to the Post Pliocene — this last for- 
mation, contains, buried deep beneath the present forests the 
stumps of pines, cypress, cedar and oak, and other trees, and 
aflfbrds evidence of successive elevations and depressions of 
the coast.* 

The second great plain is covered chiefly by forests of the 
long leaf pine, and the surface soil is composed chiefly of 

*rhe occurrence of stumps of trees at various depths beneath the surface, wh"» 
first noticed by William Bariram, in his "Travels through North and South Car- 
olina, Geori^ia, and East and West Florida;" the pheuomeoon was, however, first 
satisfactorily ex()lained and the successive elevations and depressions of the coast 
demonstrated by the distinguished Naturalist of Georgia, Dr. James Hamilion 
Couper, of St. Simons Island. 
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sand, with little vegetable matter, resting upon beds of clay 
and these again upon sand. The depth of the upper layer of 
sand varies greatly — ^it is deepest at the southern boundary of 
the plain — ^I have seen wells 30 and 40 feet in depth, which 
passed through nothing but pure sand. 

It is from this plain that the swamps chiefly derive their 
waters — the examinations of the watera of these swamps 
should commence, therefore, with the streams which form in 
this plain, and should progress down to the sea-coast. 

This is the method which we have pursued, and we will 
now present the results of our investigations. 

Analysis 41. Walthourville branch water from the sand 
hills in liberty county, georgia, 35 miles from the atlan- 
tic ocean. 

The weather had been hot and dry, and all the smaller 
streams flowing into the swamp from the highlands of the sec- 
ond plain, had been dried up, this specimen tlierefore, selected 
during hot weather. May 27th, 1860, should present all the 
marked characteristics of the head waters of these swamps. 
In mass these waters presented a deep reddish color, like port 
wine ; in thinner masses as it flowed over the white sandy 
road, it presented a rich golden color with a shade of red. In 
glass vessels it also presented a golden color. The color is 
dependent upon the vegetable matters in solution and varies 
with the amount of water which falls in the form of rain. Af- 
ter standing, a very slight, light deposit fell, which under the 
microsc )pe, was found to consist of vegetable cells and living 
animalcules, wiiich differed in character from those of the 
rivers. The amount of this deposit did not exceed the 20th of 
a grain to the gallon. The waters were perfectly transparent. 

Specific gravity 1000.081^ 

lOiJjOOO parts contain : 

Solid residue 4.000 

)Limc 0.187 

Carbonate of Lime, 0.333. J Carbonic Acid 0. 146 

! Magnesia 0.030 
Carbonic Acid 0.027 

Sulphate of Lime no trace. 

Phosphate of Lime no trace. 

Silica truce. 
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jSodium 0.136 

Chloride of Sodinm, 0346. S Chlorine 0.210 

SSoHa and Potassa 0.230 
Sulphuric Acid 0.263 

Alumina trace. 

Oxide of Iron .trace. 

Organic and Volatile matters 1 

With traces of Ammonia, S 2.300 

His analysis reveals the purity of these waters. During 
wet seasons the amount of solid matters, which in the most 
concentrated state are less than three grains to the gallon, will 
be but little greater than the solid residue of rain water. 

Analysis 42. Swamp water from the channel op a deep 
swamp, it liberty county, into which the waters, the 
analysis op which we have just recorded, empty. 

This sample of water was selected 7 miles below the point 
where the previous sample was obtained, and 10 miles above 
the junction of this swamp witli the north Newport JRiver, 
May 27th, 1 860. The season had been hot and dry, and the 
waters of the swamp had been very low, and confined almost 
entirely to the deep channel. 

After standing, a heavy dark brown deposit consisting of 
animalcules, vegetable matters and silicate of alumina, with 
various salts, as phosphate of lime and magnesia covered the 
bottom of the glass vessel, and the waters became transparent 
and presented a greenish yellow color. 

Specific gravity 1000.1052 

100,000 grains contain : 

Suspended matters 3.340 

Solid residue 10.000 

!Lime 1.496 
Carbonic Acid 1.179 

! Magnesia 0.233 
Carbonic Acid 0.255 

Sulphate of Lime trace. 

Phosphate of Lime . . . .'. trace. 

Chloride of Calcium trace. 

Sulphate of Magnesia trace. 

Phosphate of Magnesia trace. 

Sulphate of Magnesia trace. 

Phosph>ites of Soda and Potassa trace. 

> Sodium 0.315 

Chloride of Sodium, 0.845. S C hlorine 0.530 

iSoda and Potassa 0.309 
Sulphuric Acid 0.354 



In Georyia. 269 

Silicic Acid, 

Alumina, 

Oxide of Iron, 

Organic and Volatile matters ) m ^,i^ 

conuiniog traces of Ammonia. 1 ^'^^^ 

Analysis 43. Stagnant swamp water, arcadia |swamp, 
liberty co., 8 miles from its junction with the north 
new port river, june ist, 1860. 

Water taken from a deep basin in the large canal which 

drains the rice-fields : the swamp was entirely dry with the 

exception of the deeper portions of the canal, the waters d1 

which had ceased to flow for at least three months, the sea- 
son having been unusually warm and dry. The fish, ter- 
rapins, fi*ogs, alligators, and snakes had all collected in 
these pools of stagnant water. Many fish had died in these 
pools of stagnant water, and the living catfish kept their 
mouths and feelers upon the surface of the water. As the 
eye rested upon the black and green, turbid waters, scarce- 
ly a spot could be discovered, not occupied by the mouth? 
and feelers of catfish moving tremulously about upon the 
surface of the water like so many large spiders ; in fact, 
upon a general view these pools, resembled a dark surface 
of black and green liquid mud, upon which thousands of 
large spiders were dancing. Every now and then, the mon- 
otony would be broken by the splash of a mudfish or gar- 
fish, or conger eel, or the plunge of a bullfrog. The cat- 
fish appeared in their distress, and anxiety to absorb the 
oxygen from the atmosphere, to disregard alike the pres- 
ence of man, and of the moccasins and water snakes which 
sluggishly moved in the stagnant pools, amongst their fee- 
lers, apparently satiated and disgusted. 

These stagnant pools, and in fact the whole swamp, un- 
der a burning sun emitted a most sickening and disgusting 
stench. Exposure to this atmosphere, contaminated with 
the gases arising from the decomposition of vegetable and 
animal waters, during the heat of the day from 10 o'clock 
in the morning until 3 o'clock in the afternoon, obtaining 
specimens of water and capturing the cold-blooded reptiles, 
was followed before night by an active diarrhoea. 
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1 have before suffered in a similar manner from exposure 
to these swamps in the summer season. Sulphate of Qui- 
nia taken upon the appearance of the first symptoms of 
lassitude and of undue action of the bowels, was the means 
of relieving the unpleasant effects of this exposure in two 
days ; and I have upon other occasions, when I have been 
similarly exposed, in the prosecution of my inquiries expe- 
rienced beneficial effects from Sulphate of Quinia used as 
a prophylactic. 

The power which Quinia possesses of averting an at- 
tack of malarial fever, is most valuable to the planters of 
these regions, who are often during the harvesting of Rice, 
necessarily exposed to the deleterious effluvia of the 
swamps. 

That the diarrhoea was caused by the effluvia of these 
swamps inhaled during the collection of the waters and 
samples of the swamp mud, and of the natural history, 
specimens was proved by the fact that my servant man (^ 
strong healthy negro who resided upon the plantation one 
mile from this swamp,) who assisted in procuring the speci- 
mens, was also attacked at night with diarrhoea. 

I was anxious to test the effects of these waters when ab- 
sorbed directly into the blood. They were placed in bot- 
tles, hermetically sealed, and upon my -return to Augusta 
two days after, I injected several fluid ounces into the sub- 
cutaneous tissue of a large ]tTewfoundland dog. The water 
was injected into the subcutaneous tissue of the back and 
right fore and hind-legs. At the time of the injection the 
water had the same sickening smell of the swamp. 

Ifo special symptoms were induced by the injection of 
the water, at the time ; but upon the next day, there was a 
slight rise in the temperature of the dog, and the parts upon 
the back and legs where the swamp water had been injected 
were greatly swollen. 

Upon the third day the parts were lanced, and discharged 
much green and yellowish green, exceedingly offensive mat- 
ter, together with much most foul and fetid air. The parts 
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continued to discharge large quantities of foul matter and 
air for ten days. Tar was applied liberally around, and 
within the orifices of the abscesses, to keep away the flie s, 
which would I am confident have destroyed the dog. The 
dog lost ffesh to a considerable degree, but recovered en- 
tirely in three weeks. 

At the end of one month he was killed by the subcuta- 
neous injection of acetate of morphia, and a careful exami- 
nation with the naked eye and with the microscope was 
made of all the viscera : no lesions of the organs were dis- 
covered, and no alterations of the viscera were manifest, the 
color of the liver was natural, and the spleen was not en- 
larged. 

The swamp water was not injected directly into the blood- 
vessel system for I felt confident that the animalcules and 
suspended matters which could not be removed by filtration 
would have produced death by interfering with the capilla- 
ry circulation in the lungs, independently entirely of any 
direct poisonous effects. 

The highly complex nature of these waters will be seen 
in the following analysis : 

Specific gravity, 1000 661 

Solid residue in 100.000 grains , • . 23.400 

Suspended matters " ** 100.000 

100,000 grains contain: 

Phosphates of Lime an I ) Phosphoric Acid 13 958 

JVlagnesid, 22.224, ) Lime and Magnesia 8.266 



Chlorides of Sodium, Potassium, Calcium 
and Magnesium. Sulphates of Soda, Po- 
tassa, LiVne and Magnesia. Phosphates 
of Soda and Potas&a. 



.5.733 



Organic matters 

^ , . , Animalcules 

I'm • ""*""*' I Microscopic Plants 

grains. Decaying, vegetable and animal 

matters 

Urea, Uric Acid 

Salts of Ammonia 

Crenic, Apocrenic and Humic 
Acids 



1 



15. 101 



J 



Silicates of Alumina, Pota*sa 
and Lime, Silicic Acid, 
Peroxide of Iron, 



56.892 
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Gases. 






Sulphuretted Hydrogen ) Sulphur ........ .^ . ...... 3.283 

3.488, S Hydrogen .205 

Phospburetted Hydrogen, 

Carburetted Hydrogen, 

Carbonic Acid Gas, 

Carbonic Oxide Gas, 

Atmospheric Air, 

Oxygen, 
I Nitrogen. 
^ other undefined gases. 



Carbonate of Lime, 3.122, 



Lime... 1.487 

Carbonic Acid.. 1.635 



>Li 

rMagnesia......0.2l7 

Carbonate of Magnesia, 0.455, ) Carbonic Acid.. 0.238 



«,! 



Sodum & Pot#is8ium.l.350 
Chlorides S'd'm & P'm, 2 946, J Chlorine 1 .596 



Solid Residue, 
23.400, 



1 Soda and Potassa . . .2.050 
I Sulp'ts Soda (fePotassa, 4.223, S Sulphuric Acid.... .2.173 

Silicic Acid 0.213 

phosphares of Soda, Potasstf, Lime Sl Magnesia .... trace. 
(;; blondes of Magne'sm, Calci'm dip Aiumintum trace. 

Orgtinic Matters, 

Humic, Ulmic, Crenic & Apocrenic Acids, 

Animalcules, Microscopic Plants, 

Ammonia, Urea, Uric Acid, Urate of Am> ^ ..... ...2.450 

monia, 
I Putrefying vegetable &» Animal matters, 
^ Undefined vegetable Sl Animal matters. 



Analysis 44. Stagnant swamp Water taken from a 
stagnant pool in the same swamp and upon the samb 
day with the preceding specimen. 

This Stagnant pool was in the south edge of the deep 
wooded swamp, from the north edge of wnich the preceding 
specimen was selected. This pool was much more shallow 
than the preceding one, and was also not connected with 
the main canal which drains the swamp. Waters of a black 
opaque muddy appearance. As in the former case, the ca^ 
fish had covered the surface with their mouths and feelers. 
The fish appeared to have died out more completely, and de- 
composition appeared to have progressed much more rapidly 
in this pool than in the preceeding one. This was due to the 
far smaller size and less depth than the former. During 
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droughts, the catfish stand the drying up and contamination 
of the water, much better than tlie perch, and other small 
scale fish, whilst the gar and mudfish, which have both gills 
and lungs, stand the drought much better than the catfish. 

Specific gravity 1000.521 

100,000 grains contain : 

Suspended matters 37.680 

The suspended matters, as in the preceeding case consisted 
chiefiy of animalcules, vegetable cells, decaying, organic and 
vegetable matters, phosphates of lime, magnesia, and silicates 
of soda and potassa, silica, oxide of iron and other organic and 
inorganic matters. 

It was found to be very difficult to separate the insoluble 
suspended matters. Even when allowed to stand for days, a 
large portion showed no disposition to settle, and even after 
careful filtration a large portion remained suspended. ' 

Solid residue .' 67.648 



Carbonate of Lime, 2.514, 



Carbonate of Magnesia, 1.293, 

Phosphate of Lime, 
Phosphate of Magnesia, 
Phosphate of Soda, 
Phosphate of Potassa, 
Soda and Potassa which had been 
combined with Organic Acids. 



Chlorides of Sodium and Potassium, 1.806, 



Sulphates of Soda and Potassa, 1.868, 

Silicates of Alumina, Soda, Potassa, 
Magnesia and Lime, casts of Animalcules, 
Silicious matter of vegetable cells. 
Insoluble suspended matters which 
could not be removed by filtration. 



SLime 1.408 
Carbonic Acid 1.106 

J MRfi;nesia 616 

J Curboiuc A«:id O.C77 



16.885 



! 



Sodium and Pots*m. 0.745 
Chlorine 1.061 



{Soda and Potassa.. .0911 
Sulphuric Acid 0.957 



I 

r 

J 



.32.551 



18 



> 
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Organic matters, Ammonia, ^ 

Putrifying vegetable, Albumen and 
Fibrin, 
Urea, 

Uric Acid, ^ 9 659 

Crenic and Apocrenic and Humic Acids, 
Animalcules of many species. 
Microscopical plants of many species, 
Sporules of vegetables. 

Carbonic Acid Gas, 
Oxygen Gas, 
Atmospheric Air, 
Sulphuretted Hydrogen, 
Phosphuretted Hydrogen, 
Carburetied Hydrogen, 
other undefined gases and 
volatile matters. J 

Analysis 45. Stagnant Swamp Water from the same 
Swamp as the preceding specimen. 

The portion of the canal from which this was taken, up- 
on th6 same day, was deeper, and being one mile farther 
down and nearer the junction of the swamp with North New- 
port river, had flowed longer, and was not in such a polluted 
state. The comparative purity of these waters was demon- 
strated by their greater transparency and freedom from sedi- 
ment, and by the fact that the fish had not yet commenced 
to die, and the catfish although existing in large numbers, had 
not exhibited signs of distress, and did not move about upon 
the surface of the waters. 



Specific gravity 1000.2501 

100,000 parts contain : 

Suspended matters 12.860 

Solid residue 30.055 

The suspended matters consisted of animalcules, vegetable cells, vegetable and 
animal matters, silicates and phosphates of lime, magnesia, soda and potassa, and 
many other organic and morganic compounds. 



SLime 3.099 
Ca 



Carbonate of Lime, 5.533, 3 Carbonic Acid 2.434 

Phosphates of Lime, ^ 

" " Magnesia, { 

" Soda, > '"^•- 



(( 



I 

" Potassa, J 



} Sodium & Potassium 2 356 

Chlor.des of Sodium and Potassium, 5.698, j Chlorine 3.34:2 
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) Soda & Potassa 2.153 

Sulphates of Soda & Potassa, 5.098, 5 Sulphuric Acid 2.945 

Insoluble Silicates, Silicic Acid & fragments 

of the shells of Animalcules and other suspended 

matters, as Silicate of Alumina which [ 10.519 

passed through the filter. J 



1 



Organic matters ^ 

Ammonia | 

Animalcules ^ 6.440 

Vegetable Cells j 

Decaying Animal & Vegetable matters j 

Carbonic Acid Gas, 
Atmospheric Air, 
Oxygen, 

) Sulphur 3 397 

Sulphuretted Hydrogen, 3.609, \ Hydrogen 0.212 

Phosphuretted Hydrogen, 

Carburetted Hydrogen, 

and other undetermined Gases. 

These analyses show the great complexity of the constitu- 
tion of the waters and deposits of swamps, and demonstrate 
their great value in Agriculture. 

Droughts which cause the death of fish, are by no means 
uncommon, and their bones are added to the deposit upon the 
bottoms of the swamps. 

The value of such deposits will be placed in a clear light by 
the following calculations : 
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The deposits of swamps and forests are the great sources 
of fertility which will supply the Planters of the South with 
those organic and inorganic elements which are needed to 
replace the compounds annually sent off the plantations. 

{h.) Waters of the Swamps into which the Salt water occasion- 
ally flows. 

Analysis 46. Swamp Water from the Channel of Lam- 
bert's Swamp, Liberty Co., 2 miles from its junction 
WITH North Newport River, May 28th, 1860. 

Swamp almost entirely dry, with the ex:ception of the 
deep channel from which this specimen was taken. The 
waters presented a blue color in mass, in the swamp. Af- 
ter standing several days in glass vessels there was a deposit 
of dark almost black mud, and the transparent water pre- 
sented a straw color. The bottom of thia swamp is covered 
with a similar black deposit, consisting of vegetable and an- 
imal remains, with varying proportions of sand, alumina, 
and insoluble silicates, together with the organic acids and 
mineral salts resulting from the decomposition of vegetable 
and animal substances ; the silicious remains of animal- 
cules form a considerable portion of this deposit — these 
matters rest upon stiff blue clay. In dry seasons, during 
spring tides, and especially during the equinoctial storms, 
this swamp is subject to slight overflows of the waters of 
the North Newport river ; which, as we shall subsequently 
show, are during the dry seasons impregnated with the salts 
of sea water. During wet seasons, the rivers which receive 
the waters of the swamps, are fresh nearly to the commence- 
ment of the inner chain of inlands ; whilst during dry sea- 
sons the line of salt water advances far inland. 

It is evident from these facts that the conjunction of au 
equinoctial storm with an excessively dry season, might be 
attended by the ingress of the salt water far inland, and 
thus cause the death of the trees of large tracts of swampy 
land. 

We have had several instances of this upon the coast of 
Georgia. 
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Specific gravity, 1002.546 

100,000 grains contain : 
Suspended matters 4.320 

The suspended matters consisted of phosphates of lime and magnesia, 

organic acids, silicate of alumina, soda and potassa, animalcules of several 

distinct species, microscopical plants, and vegetable and animal matters 

in various stages of decay. The first had not yet commenced to die 

and the waters were in a far purer state than those whose composition 

were given in analyses 43, 44 and 45. 

Solid residue 8G.00O 

Chloride of calcium 16.900 j (.^1^^'"^^^^^ V.V.V.V.V V.'.V *.*.'.'. lO/ijs 

/^, 1 -J I. ' R AQo \ Magnesium 2.178 

Chloride of magnesium 6.039 | Q^^f^^-^^^ 3 861 

Sulphate of lime trace 

Phosphate of lime trace 

o 1 1 ^ /. . n ^-- \ Maornesia 3.259 

Sulphate of magnesia 9.. / / | Sulphuric acid 6.518 

Chloride of potassium, 
Bromide of sodium, 
Bromide of potassium, 

Iodide of sodium, \ 3.191 

Iodide of potassium. 

Sulphates of soda and potassa, 

Soda and potassa separated from the organic acids, 

Chloride of sodium 42.420 j chlorine* * ! .' * \ .*.".'.'.'.' \ \ .* .' ! .' >25.731 

Organic matters 

Animalcules, 

Microscopic vegetable 

Germs of plants and animals, \ 6.667 

Humic, crenic and apocrenic acids, 

Ammonia, 

Undefined products of decaying animal and vegetable matters, 

Silicic acid 

Atmospheric air 

Carbonic acid 

Oxygen 

Sulphuretted hydrogen 

Phosphuretted hydrogen 

Carburetted hydrogen 

c. Waters of the Rivers wJiicli drai?i these Swamps, and do not 
extend beyond the first plain. 

The character of the waters of these short salt rivers varies with the 

season, and with their distance from the sea ; in wet seasons the waters 

are fresh nearly to the mouths of these rivers, whilst in very dry season.^ 
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tbey become salt up to their junction with the swamps. During the 
dry seasons these waters, even near their sources, cannot be used in the 
cultivation of rice ; and even when they are careinlly excluded from the 
rice fields which lie in the river bottoms, the salt wat6r percolates through 
the dams and kills the rice for several yards back. 

Analysis 47. — ^Waters of the North Newport River, at Monte- 
video, THE plantation OF Rev, C. C. Jones, D. D., 2 miles from 

RiCEBORO, AND 4 MILES FROM THE JUNCTION OF LaMBERTS SwAMP, 

the analysis of whose waters have just been presented, May 31st, 
1860. At this point the river is 30 yards wide, and 18 feet deep at 
high water ; it diminishes rapidly towards its head waters, and in the 
course of a few miles divides itself into small creeks, which receive 
the waters of the various tributary swamps. Specimen selected near 
low water, tide still running down. 

The lands along this small river, above the salt marshes, are equal to 
any in this section of the State, consisting of a black surface deposit of 
from 1 foot to 4 feet of vegetable matters, stumps, trunks, leaves, &c., of 
trees in various stages of decay — mixed with dark blue and black clay 
and fine sand ; and beneath this, stiff blue clay, containing the stumps o 
former forests. Great difficulty is experienced in digging the deep 
ditches and canals, irom the presence of the stumps of ancient forest 
trees, oak, cypress, and other trees, many feet beneath the present surface. 
Specific gravity 1002.86 

100,000 grains contain : 
Suspended matters 3.900 

The suspended matters vary greatly with the season of the year — they 
are most abundant in wet weather. They are composed of animal 
cules, vegetable and animal matters in process of decay, fine sand, and 
silicate of alumina. 
Solid residue 447.500 

Chloride of calcium 25.309 j g£- ' ; ; ; ' ' ; ; ; ; ; • ; ; ; ; ; ; • ; ^^^g 

Sulphate of lime 643 j f^^^^^r ^ v^^ ; ; ; ; \ \ \ V ; ; ; ; ; ; ; ; ; ; JJyg 

Phosphate of lime traces 

Nitrate of lime 

nv-i ' J c ' nf\ ifiT \ Magrnesium 15 221 

iJhIonaeor ma^jnesium oU.jyT < m f • i < n-rc 

° I Chlorine 44970 

o 1 V . r ' Ao ^oi i Magnesia 16.060 

hulphate 01 magnesia 48.181 < r, ,°i . -i o-»ioi 

^ ° ( bulphunc acid 64AM 

Sulphate of soda 

Sulphate of potassa 

Nitrates of soda and potassa ,,,.,,.....,.. ...,...., 
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r^\.^ • j e j* nact okr \ Sodium 104.988 

Chloride of sodium 266.855 j ^.j^j^^j^^ 3 ^^ gg^ 

Chloride of potassium 

Phosphates of soda and potassa 

Bromides of sodium and potassium 

Iodides of sodium and potassium 

Silicic acid 

Silicates 

Alumina 

Oxide of iron 

Ammonia ... 

Pecaying animal and vegetable products 

Animalcules 

Microscopical plants 

Carbonic acid 

Sulphuretted hydrogen 

Carburetted hydrogen 

Atmospheric air 

This analysis shows the large proportion of the chlorides and sul- 
phates of lime, magnesia and soda which exist in these waters during dry 
seasons, rendering them unfit for the culture of rice and for irrigation 
generally. 

This change in the physical constitution of the waters of these short 
rivers depend upon physical causes, over which the planter can never 
have control, and hence in very dry seasons the rice crop must necessa- 
rily suffer more on these small salt rivers than upon the Altaraaha, 
Ogeechee, and Savannah rivers, which drain a larger tract of country. 

d. Waters of the Rivers which derive their waters from the pri- 
mitive regions as well as from the great Tertiary Plains and 
Swamps of Georgia, 

The waters for this examination should be selected as near the sea as 

possible, and at the same time above the line of brackish water. 

Analysis 48. — Waters of the Ogeechee River, Bryan county, 
plantation of Miss Eliza Clay, 1 mile from the crossing of the Savan- 
nah, Albany and Gulf Railroad — half high water, tide running down — 
season hot and dry. May 26th, 1860. 

In mass the waters of the Ogeechee River present a beautiful deep 
blue color, like sea-water, thus presenting a striking contrast to the tur- 
bid yellow and red waters of the Savannah and Altamaha on either side. 

The sediment of the Ogeechee River is of a lighter color and much 
less in quantity than that of the Savannah and Altamaha ; and appears 
to be composed in great measure of the light colored joint clay of the 
eocene formation. The sediment of the Ogeechee river contained a 
greater number and a greater variety of ani macules than the sediment 
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of the Savannak river, examined at the same time. Whether this is 
always the case, cannot be decided without a series of observations, ex- 
tending over several years. As far as I have compared the animalcules 
of these two rivers, they appear to differ within certain limits. We hope 
upon some future occasion to present to the Cotton' Planters' Convention 
a report upon the character and offices of the animalcules of Georgia, 
illustrated by numerous drawings of the characteristic species. 

Sp. gr, at 60.0 1000.1314 

100,000 grains contain : 
Suspended matters 3,300 

The suspended matters (sediment) were almost entirely free from par- 
ticles of mica or sand, and were, in fact, a mixture of yellow clay, ani- 
malcules and microscopic plants, containing traces of ammonia, phosphate 
of lime, phosphate of soda, phosphate of potassa, phosphate of magnesia, 
sulphates of lime, soda, potassa and magnesia, and chlorides of soda and 
potassa. 
Solid residue 9.040 

Carbonate of L^me, 4.21 0, j ];:^^;^;(^ * ^'eid, . \ \ \ \ \ \ \ \ \\\\ \ \ L872 

Carbonate of magnesia 1,072 \ n u '•' " 'j a' -no 

" ( Carbonic acid U.oUy 

Sulphato of Lime, trace 

Phosphate of lime trace 

SaijJiat.e 'A ninguesia ti^ce 

Chloride of sodium 1.492 j g'^^'^^ ; ; ' ; ; ; ; • • ; ; ; ; ; ; ; - ; ; ; ; ; J^^^ 

Chloride of potassium trace 

Sulphates of soda and potassa 0,433 ] a i u .• -j^" C\\)o 

Ammonia : trace 

Peroxide of iron trace 

Silica trace 

Alumina trace 

Ani macules, 1 

Vegetable cells, / 1 sio 

Decaying vegetable matters, [ 

Crenic and apocreuic acids, J 

If we institute a comparison of the waters of the Ogeecbee at this 
point, with the analysis of the waters in Burke and Emanuel couiities, 
we will see that the propbrtion of carbonate of lime has remained the 
same, whilst the magnesia and chlorides and organic matters have in- 
creased. The increase of the organic matters is readily accounted for 
by the addition of the waters of extensive swamps loaded with decaying 
vegetable matters. The increase of the magnesian salts and of the 
chlorides is most probably due lo the proxinaity to the sea. 
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Analysts 49. — Waters of the Savannah Eiver, opposite the City 
of Savannali, May 23d, I860. Specimen selected from the middle of 
the river, tide running down, having fallen al>out 3 feet. The season 
had been very dry both in the north and south of Georgia and South 
Carolina, the tributary swamps and creeks were low, and the river 
itself was unusually low. 

In mass, the waters of the Savannah river present throughout their 
course a turbid reddish brown color — in small qu'intities, as in a bottle, 
they present a semi-translucent and reddish yellow color. This color is 
due to suspended matters which settle slowly upon standing. The char- 
acter and amount of the sedimentary matters varies according to the 
amounts, positions and characters of the waters which the river receives 
in its course through different geological formations. In wet seasons, in 
the upper primitive regions of Georgia and South Carolitja, when the 
waters rush down from the barren red-clay hills, the red deposit is in- 
creased. In rairiy seasons in the low country of Georgia and South 
Carolina, the dark blue and black deposits of the swamps and low lands 
are increased. In rainy seasons, throughout the States of Georgia and 
South Carolina, both at the source and along the course of the Savan- 
nah, the red and bluish and black deposits are equally increased, The 
amounts of both characters of deposit will be increased in wet and dimin- 
ished in drv weather. 

These deposits differ in chemical constitution and in the cliaracters of 
the animalcules — the red deposit contains more iron silicate of alumina, 
and sand and mica, and less organic matter and lime than the darker 
deposits of the swamps. 

In the present sample, the sedimentary inatters amo.inted to only 0.3 
grains to the gallon of water. Under the microscope this deposit was 
found to consist of numerous animalcules of various sizes and species 
(several of the species appeared to be identical with those described by 
Ehienberg and other European naturalists, whilst otliors appeared to be 
identical with those found by Dr, Bailey in the deposits of the rivers of 
New York — those facts will receive fuller attention hereafter), micro- 
scopial plants, fine particles of sand, too minute to be di.stinguished by 
the naked eye, and requiring a high magnifying power for their detec- 
tion, i^mall fragments of colored crystals, and of mica from the primitive 
regions of Georgia and South Carolina, small fragments o" wood, and 
silicate of alumina colored red by oxide of iron. 

These facts are of great interest to the agriculturist, for they show him 
the highly complex nature of the deposit from the Savannali river, which 
contains the following substances : 



282 Nadve Sources of Fertility 

Silicate of Alumina, 

Silicate of Potassa. 

Silicate of Soda, 

Silicate of Lime. 

Silicic acid. 

Oxide of Iron. 

Carbonate of Iron. 

Carbonate of Lime. 

Phosphate of Lime. 

Sulphate of Lime. 

Carbonate of Magnesia. 

Phosphate of Magnesia, 

Sulphate of Magnesia. 

Sulphate of Potassa, 

Phosphate of Potassa. 

Chloride of Potassium. 

Sulphate of Soda, 

Phosphate of Soda, 

Chloride of Sodium. 

Ammonia, 

Animalcules, highly complex in structure, containing many different 

organic and inorganic compounds, and capable of yielding ammonia 

during decomposition. 
Vegetable organisms, and decaying vegetable matters, also highly 

complex. 

The deposit from the Savannah river does, then, contain all the ele 
ments necessary to sustain the most luxuriant vegetation. The estab- 
lishment of this fact leads to the development of a valuable principle in 
the agriculture of rice plantations. 

The rice planters should ever remember that their manure lies in the 
waters of the rivers — that the rivers contain inexhaustible stores of fer- 
tility, which if continuously and properly employed, will maintain their 
lands in undiminished fertility for unnumbered ages. When the rice 
lands are not covered with the growing crops, they should be covered 
with the waters of the rivers, which should be drawn off and renewed as 
often as the sediment settles on the land. By successive inundations in 
this manner, the land may be covered with a rich deposit, which maybe 
renewed whenever necessary, with no other expense than the letting of 
the waters on and off. This mode of enriching rice lands is at once the 
most thorough, the most lasting, and the cheapest. 

Specific gravity 1000.07 

100,000 grains contain : 

Suspended matters 9.OO0 

Solid residue 7.000 



1.400 
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Carbonate of lime 1.680 j ^^^^(^ V,^ \ ] [ [ ] ] "; •••/ ] \ ] [ [ ^'j^ 

Carbonate of magnesia 0.436 j £fbonTc "acid. ■.".'. '.■.*.■.' '.'.'.'.'.'. o'.282 

Sulphate of lime , trace 

Phosphoric acid trace 

Sulphate of magnesia trace 

Chlorides of calcium and magnesium traces 

Chloride of sodium 0.690 j chtrine .■.■*.■.■.■.■.■.■.'.■.■.■.■ '..'.'.'.'.'.'. 0.440 

a , , 1 r 3 J 1. 1 ATo < Soda and potassa 0.568 

Sulphates of soda and potas,sa 1.073 | g„]p,,„ric acid 0.605 

Silicic acid, ] 

Alumina, 

Peroxide of iron, 

Carbonate of iron 

Ammonia, 

Decaying vegetable matters, 

Decaying animal matters, / -. /,/».- 

Organic acids, crenic and apocrenic and humic acids, 

Animalcules,' 

Vegetable cells, microscopical plants, J 

If this analysis be compared with that previously recorded of the Sa- 
vannah River, opposite Augusta (Analysis 32), it is evident that the 
carbonate of lime exists in double the quantity in the waters of the river 
opposite Savannah. This difference in the proportion of lime is readily 
explained by the fact that the Savannah river passes through the eocene 
shell limestone formation, as is well known to every one who has ever 
paased down this river from Augusta to Savannah. Shell Bluff, on the 
Savannah River, which marks the northern limit of this formation, has 
been described by various travellers even before the revolutionary war. 
The Savannah also receives the waters of Brier creek, which flows 
through this formation in Burke and Screven counties. The main body 
of the waters of Brier creek are, however, derived from the primitive 
regions and non-fossiliferous tertiary strata of Richmond county ; and 
the streams which flow fi'om this formation in South Carolina and empty 
into the Savannah, are so small and inconsiderable as to be without geo- 
graphical names. Whilst, therefore, the shell limestone formation has 
added one-half more carbonate of lime to the waters of the Savannah* 
they are still remarkably free from this element, and will compare favor- 
ably for drinking purposes with any river water in the world. 

The salts of magnesia, soda, and potassa, and the organic matters, 
exist in greater proportion in the waters of the river opposite Savannah 
than in the waters opposite Augusta, from the obvious reason that the 
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waters of the river have received the concentrated waters of the nume- 
rous swaraps.in the tertiary plains which it drains, and also to their prox- 
imity to the Atlantic ocean ; for even when the waters are not actually 
transported by the tides, the salts may, by diflFusion, travel some distance 
above the line of actual flow of the waters of the sea. 

Analysis 50. — Water from a Canal in the interior of Hutchinsons Is- 
land, directly opposite the Savannah Exchange, the waters were 
clearer and appeared to contain less suspended matters than those (^f 
the Savannah : after the settling of the deposit the waters presented a 
light straw color : tide running down : the specimen represented then 
the water as it was leaving the island, after it had been subjected to 
the action of the vegetation, surface and hot sun : the day was clear 
and the ravs of the sun very hot: 2 o'clock P. M., May 28d, 1860. 

Sp. Gr. at 608 .., 1000.1203. 

100,000 parts contain : 
Suspended matters » . . 3.000 

Like the deposit from the river examined at the same time, this con- 
tained animalcules, microscopical plants, silicate of alumina colored by 
oxide of iron, minute particles of silica, mica and other primative min- 
erals together with traces of various salts of organic compounds, as car- 
bonates of lime, magnesia and iron, chlorides of calcium, magnesium 
sodium and potassium, phosphates of lime, magnesia, soda, potassa, am- 
monia and organic acids,and various undefined vegetable and animal com- 
pounds. When compared with the waters of the river we find that it is 
similar in constitution, but much less in amount, f ds. of the suspended 
matter having been deposited during the flow of the waters over the is- 
land, which is fast relapsing into its original condition, and is now over 
a large portion of its surface covered with reeds and flags which act as 
filters to the waters and separate the suspended matters. 

This examination illustrates the readiness with which the suspended 
matters of the waters of rivers may be deposited when the water h 
spread over the surface of the land in thin sheets. 

Solid Residue 8,500 

) Lime 1.240 

Carbonate of Lime, 2, '21 4, J Carbonic Acid 0,974 

Sulphate of Lime trace 

Phosphate of Lime trace 

Chloride of Calcium trace 

Carbonate of Magnesia, 1,017, ) Magnesia O.o.iO 

) Carbonic Acid 0,li')S 

Sulphate of Magnesia trace 

Chloride of iMaornoi-ia trace 
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Sodium 0,123 

Chloride of Sodium, 0,312, S Chlorine 0,189 

j Soda and Potassa ... 0,368 

Sulphate of Soda and Potassa, 0,74G. \ Sulphuric Acid 0,378 

Silicates, 1 

Silicic Acid, 1 1 ^^^ 

Per Oxide of Iron, ( ' 

Alumina, ^ J 

Organic Matters, Animal and Vegetable, 1 

Animalcules, | 

Vegetable cells. Microscopic plants, )- 3,000 

Vegetable Acids, Crenic and Apocreuic and Humic Acid | 
Ammonia, J 

The slight changes in the composition of this water are due without 
doubt to many causes, the chief of which aro, concentration by the rays 
of the sun, chemical and physical actions of the numerous plants 
amongst'which it flowed, and to chemical changes induced by the decay- 
ing vegetable matters and stiff blue clay which composes the surface of 
this island' Much of the vegetable deposit of previous ages was worked 
off during the early settlement of the country, and in many portions of 
the island the stiff blue clay is covered only by a thin film of de- 
posit and vegetable mould, in other parts the decaying reeds and flags 
with their extensive roots have formed a coating upon this blue clay of 
more than two feet. These actions are highly complex, and it would be 
rash to attempt to attribute to each its just share of influence upon the 
composition of the water. 

Analysis 51. Water from a shallow lagoon in the interior of 
HuTCHiNSONS Island, covered with small trees, flags and reeds, form- 
ing a dense foliage, impenetrable to the rays of the sun: water about 
6 inches in depth; the tide flows slowly and with difficulty in and out 
of this lagoon, and more or less water remains statgnant: the bottom 
is covered with leaves and decaying vegetable products: May 23d 
1860. 

After standing, a brownish red deposit fell, and the waters presented 
a deeper tinge than the waters of the river and canal, thus indicating to 
the eye the greater proportion of organic matters. 

The suspended matters consisted of numerous animalcules, (many of 
which were living,) simple microscopic plants, particles of decaying veg- 
etables, silicates colored red by vegetable matters, and the oxide of 
iron, and traces of various salts, as phosphates of lime, magnesia, soda 
potassa, chlorides and sulphates of the alkalies and alkaline earths* 

Sp. Gr. at 60o.f. 1000-14. 
100,000 Grains contain : 
SoUd Residue, 10,951 
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Carbonate of Lime, 3,689. | ^X^fc Acid:.::: iTm 

Sulphate of Lime trace 

Phos[)hate of Lime trace 

Chloride of Calcium, trace 

Carbonate of Magnesia, 1,650. [ CaXnt AcidV.:::::: ifow 

Phosphate of Magnesia 4 trace 

Sulpnate of Magnesia trace 

Chloride of Magnesia trace 

Chloride of Potassium ; trace 

Chloride of Sodium, 0.486, j c£ne: : ::::::::::::: ^65 

Sulphate of Soda and Potassa. 0.«0. j 1°?^'^^ Ac!d'^:.V.V: o":^^" 

Silicates, J 

SilicicAcid, \ 1,656 

Peroxide of Iron. ) 

Organic Acids, Crenic and Apocrenic, &c., ^ 

Ammonia, | 

Animalcules, > 8,000 

Microscopical plants, ) 
Animal and Vegetable matters in process of decay, j 

(e.) Waters of the ^ells and Springs of the First Tertiary 

Plain. 

The character of the waters of the springs and wells of the low lands 
bordering the sea-coast of Georgia will depend upon the depth, the 
character of the soil, and their distance from the rivers and swamps. 

The springs and the wells of water in sandy formations are of great 
purity, and their composition is correctly represented in analysis 41 of 
Walthourville branch waters. 

In many of these springs and wells which are formed by the waters 
percolating through sand-beds, which serve the purpose of natural filters, 
the saline matters are often not more than from one to three grains in 
the gallon. 

The waters of low swampy lands, and ricefields on the other hand are 
impregnated with organic matters, which in certain seasons, and under 
certain conditions exert most deleterious effects upon the health of the 
inhabitants. 

The great mortality upon rich places, many of which actually de- 
crease instead of increasing, is due to the character of the waters, which 
induce bowell affections, and derangement of the blood, and low grades 
of fever. 

The relations of Malarial fever to the organic matters of the drink- 
ing waters, demand a most searching and extensive investigation, and 
without hazarding an opinion at this stage of the investigation we would 
simply state that we have been engaged in an examination of this com- 
plicated question as well as of the character and causes of these diseases 
of Rice plantations, and hope to present a special report to the Cotton 



In Georgia, 287 

Planter's Convention at some future day. As the investigation involves 
much exposure and severe labor it is impossible for me to say when they 
will develope such results as will be worthy of the consideration of the 
Cotton Planter's Convention. 

Upon the present occasion I will point out a few practical rules which 
I know by experience, will greatly ameliorate the condition of the in- 
habitants of Bice plantations. 

1^^. Substitute Cistern Water for Well and Spring Water. 

If this report should accomplish no other result, than the introduction 
of cisterns upon Bice plantations, and in the tertiary lime formation 
of Georgia, I shall feel myself to be rewarded for my labors. The sur- 
. face exposed by the Cotton gins, sheds, and barns and dwelling-houses, 
upon plantations will prove amply sufficient for the collection of an abun- 
dant supply of water. 

2d. If the cistern water should at any time fail, or if it be impossible 
to obtain the cistern water, then collect the well and spring water into 
large barrels or tanks, and add to the mass of water a solution of com- 
mon alum. One pound of alum pulverised and dissolved in four gal- 
lons of water, will be sufficient to purity the drinking water of a large 
plantation for six months. Of this solution a wine-glass full may be ad- 
ded to every 50 gallons of water.. The alum coagulates the organic 
matters, they settle, and leave a clear sparkling wholesome water. The 
minute proportion of alum in the water will exert no injurious effects 
whatever, it will be only tonic in its action. 

3d. Never commence work in the Bice fields and low grounds before 
sun-rise. 

4th. Never allow the laborers to commence work upon empty stom- 
achs. Establish a law as unalterable as those of the Medes and Persians 
that no one shall leave the quarters without having first cooked and eaten 
breakfast. Laboring in the morning in the atmosphere loaded with the 
noxious vapors of the swamps is the most fruitful of all sources of dis- 
ease. 

5th. Avoid as &r as possible the dews of the mornings and nights. 

6th. Avoid wet clothes as far as possible. 

7th. Clothe the feeble, during the fall and winter in red flannel, worn 
next to the skin. 

8th. Treat diseases of Bice plantations and low grounds upon the stim* 
ulant plan. Avoid ail depletion as far as possible; and in the climate fe- 
vers, administer sulphate of quinia boldly regardless of the symptoms 
of headache and delirium, for this is the great remedy in the diseases of 
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swumps and ricefields, even in tlio pleurisy and pneumonia of the win- 
ter season, for they are in this section of the country modified by the 
slow action of malaria upon the system. 

9th. Do not attribute the diseases of children in the summer and fall 
to worms. At this period of the year when children are most liable to 
Climate fever, it is the liabit of many planters to dose them with various 
, drastic and disgusting mixtures to rid them of worms, under the idea 
that the worms are the causes of the fevers of this season of the year, 
because when the children are taken sick the worms travel away from 
them througli every avenue and in every direction. The explanation of 
this striking ph^jnomenon, which upon a superficial view is liable to be 
taken for the disease, is simply this, durirtg the attack of climate fever, 
the secretions of the liver, and of the whole intestinal canal are so al- 
tered, that the Avorms which have been quietly housed all winter, in com- 
furtable quarters, without exciting any injurious efi*ects upon the uncon- 
scious landlords are suddenly sickened and disgusted with their altered 
fare and habitati(jns, and beat a precipitate retreat in the most conveni- 
ent and natural directions. If you treat the disease for worms alone, the 
real disease, climate fever, will march steadily on and you may purge the 
child until the last worm is evacuated, and only hasten the fatal end, be- 
cause you are working in coiijunction with the disease, all the tendencies 
of which are depressing. 

If on the other hand, you administer a gentle purgative mixed with 
a full dose of sulphate of Quinia, and follow up with gentle stimulants 
and sulphate of Quinia the termination of almost every case will be ta- 
vorable and that too in a few days. 

We are persuaded that strict attendance to these simple rules will be 
the means of materially diminishing the diseases and the rate of mor- 
tality upon Eice plantations. 

Analysis 52. Waters of a celebrated spring in the Western end of 
Colonels Island, upon the plantation of Kev, C. C. Jones, D. D., 
called Mavbank 

We have selected the waters of this spring as a type of the only other 
cla>s of waters in this section of the State, which it is desirable that we 
should examine. 

This spring has existed unali'ected by droughts or rain since the set- 
tlement of the country; wn'thin sight are eight Indian mounds, containing 
numbers of skeletons, and the surface of the island is covered with frag- 
ments of Indian pottery and oyster shells evidently deposited in great 
measure by the Indians. These facts render it probable that this spring 



In Georgia. 289* 

was known for ages to the Aborigines, and tliat its wholesome waters 

were highly prized. 

The waters of this spring issue out of the side of the sandj formation, 

which composes almost the entire island ; about 12 feet beneath the 

sur&ce, and 2 feet above the point of high tide; and form the 

head of a small creek which empties into an extended marsh, fifty 

yards from the spring. 

The salt water at high tide flows up to within a few feet of this 

spring and the high tides during the equinoctial storms some- 
times cover the spring and surrounding lands within eight feet 
of the general surface of the Island. It is interesting and impor- 
tant to determine the character of these waters which are discharged 
within a few yards of the salt water at high tide. Waters as clear as 
crystal, tasteless, wholesome. 

No Deposit. 
Specific Gravity at 60^. f., 1000,1305 

100,000 Grains contain : 
Solid Residue: 8,000 

Carbonate of Lime, 6,026, [c^bonic Acid,::/. ^BM 
Sulphate of Lime , trace 

Carbonate of Magnesia, 0,0156. } cXnt"Atid,: WW. Mwl 
Sulphate of Magnesia, trace 

Chloride of Sodium. 0,872, [chiJZe.::::v;:::::: ois'S 

Sulphate of Soda and Potass., 0,279, [ llx^C^o Add .'.".•; : : : : 2;1« 

Organic Matters trace 

Sihcic Acid . 4 . * '. trace 

We are at once struck with the absence of chloride of sodium, and of 
the sea salts generally, from this water. Their absence is explained by the 
fact that the waters of the spring flow out above the line of high tide, 
and are also derived from the extensive sandy formation of the is- 
land,from which the soluble chlorides have been continually washed out by 
the waters percolating through this natural filter. The presence of 
the carbonate of lime is readily explained by the numerous shells which 
cover the surface of the Island. 

Colonels Island, notwithstanding that it is surrounded with extensive 
salt marshes covering thousands of acres, is one of the healthiest locali- 
ties in the world. 

The health of these sandy sea Islands is always good, except near 

the mouths of those rivers which discharge large quantities of fresh- water 

into the ocean. 

It is an interesting &ct that, the large quantities of sulphuretted hy- 
19 
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drogeD liberated from these salt marshes, and often in such quantities as 
to be disagreeable even at the distance of several miles, exert no deleteri- 
ous effects upon the inhabitants who are as a general rnle exempt from 
climate fevers. 

Waters of the Atlantic Ocean. 

Analysis 53. Salt water from a short deep river which flows through 
extensive marshes, and receives but little water from any source ex- 
cept the sea, Colonels Island, May 3 1st, 1860. 

This sample of water was taken, five miles from the Atlantic Ocean, 
at half tide : running down. The water from this river was 
selected in preference to that of the Atlantic Ocean, because we 
wished to test the value.of the waters of the short rivers of these exten- 
sive marshes, for the manufacture of salt for Agricultural purposes. 

This short river is not connected with any swamp, is not more than 
eight miles in length, and simply drains the extensive marsh lying to 
the west, and north-west of Colonels Island, and between this island and 
the Atlantic Ocean. 

Specific Gravity at 60*. f. 1019,0013 

100,000 Grains Contain : 
Suspended Matters 2 Grains 

Suspended matters resembled black mud, and contained nuimerous animalcules. 
Solid Residue 2502.60 

)Lime 59,142 

Anhydrous Sulphate of Lime, 148,630, ) Sulphuric Acid 84,488 

I Magnesia 43,034 

Sulphate of Magnesia, 139,103, \ Sulphuric Acid 96,066 

) Magnesium 158,010 

Chloride of Magnesium, 433,161 , f Chlorine, 275,151 

I Sodium 650,118 

Chloride of Sodium, 1652.432. J Chlorine, 1002,314 

Chloride of Potassium, 
Bromide of Potassium, 
Bromide of Sodium, 
Iodide of Potassium, 

Iodide of Sodium, {k 183,174 

Silicic Acid, | 

Silicates, ( 

Organic Matters, | 

Phosphates of Lime and Magnesia, j 

This analysis demonstrates that the waters of these salt rivers are 
valuable sources of salt for both Commercial and Agricultural purposes. 

In a future report we will discuss the Commercial and Agricultural 
relations of these salts, and also present drawings and minute descrip- 
tions of the best mode of manufacturing salt. 

Waters of the Cities and Towns of Georgia. 
We shall in the present report, present observations upon the waters 
of the two largest cities in Georgia, 



In Georgia. 291 

Waters of Augusta. 

We have already presented analyses of the waters of Turknett Spring 
and Savannah River — the former used by the citizens for 25 years, and 
the latter to be introduced into the city in the course of a few months. 
These analyses show that these waters are as pure as the waters furnish- 
ed to any city in the world. It remains that we should examine the 
pump waters, which for near one century, were used by the inhabitants 
for drinking water. 

According to the testimony of the oldest inhabitants, the waters in 
their original state were pure, and became contaminated with the in- 
crease in the population of the town, and pump after pump, in the more 
thickly and older settled portions, was abandoned for those of the out- 
skirts of the town. 

The city of Augusta is situated upon a level plain, the soil of which 
is composed of alternate layers of sand and clay with coarse sand and 
pebbles for 76 feet, and rests upon the primitive non-fossiliferous rocks. 
Several attempts, in different portions of the town, to bore artesian 
wells, have in each instance been arrested by primitive rocks, Gneiss 
and Chlorite Slate. The superficial layers of the soil contain much 
mica in the constitution and have been evidently derived from the sus- 
pended matters of the river. An examination of the strata upon which 
Augusta rests, shows that there is no cause of contamination in their 
chemical constitution. Before these strata were infiltrated by the ex- 
crementious and fasoal matters and sewage water of the city, these wa- 
ters, without doubt, possessed the same remarkable purity as the waters 
of the Savannah River and Turknett Spring. These, therefore, form 
correct standards to which they should be compared in their present con- 
dition. 

Analysis 54. Pump Water from the intersection of Centre and 
Green streets. September 10th, 1860. Hot and dry weather. 
100,000 grains contain : 

Solid Residue 78.972 

Nitrate of Lime, 22,400 } Lime 7.649 

) Nitric Acid 14.751 

) Lime 0.074 

Sulphate of Lime, 0.181 J Sulphuric Acid 0.107 

) Calcium 4.528 

Chloride of Calcium, 12.562 ) Chlorine 8.034 

) Magnesia 2,034 

Nitrate of Magnesia, 7.525 ) Nitric Acid 5.491 

) Magnesium 2.715 

Chloride of Magnesia, 10.749 ) Chlorine 8.034 
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\ Ammonia 5.^8 

Nitrate of Ammonia, 15.128 \ Nitric Acid 9.840 

Nitrates of Soda and Potassa 10,382 

The waters of this pump have a decided saline taste and are unfit for 
washing clothes, and produce most deleterious effects when used for 
drinking or cooking. T have experienced the evil effects of this mis- 
erable compound in my own person, when I first removed to Augusta, two 
years ago; not being aware of the condition of the pump water, I used it 
for several days. The first effects were intense, insatiable thirst, fol- 
lowed with derangement of digestion and of the bowels. 

Analysis 56. Pump Water, Green street, between Washington and 
Centre streets. September 10th, I860. Hot and dry weather, 
100,000 grains contain : 

Solid Residue 74.033 

SLimo 6.447 
Nitric Acid 10.505 

Sulphate of Lime trace. 

) Magnesia 3.100 

Nitrate of Magnesia, 11.170 ) Nitric Acid 8.070 

) Magnesium 1.810 

Chloride of Magnesium, 7.430 j Chlorine 5.620 

) Sodium 5.300 

Chloride of Sodium, 13.480 J Chlorine 8.180 

! Ammonia 2.009 
Nitric Acid 4.088 

Nitrates of Soda and Potassa 18.700 

The taste of this water is so strong and disagreeable that not even 
horses can be induced to drink it, and the pump has been abandoned for 
several years. 

Analysis 56. Pump Water, intersection of Broad and Washington 
streets. September 10th, 1860. 
100,000 grains contain : 

Solid Residue 43.642 

) Lime 5.900 

Nitrate of Lime, 17.280 ) Nitric Acid 11.380 

) Calcium 1,476 

Chloride of Calcium, 3.995 ) Chlorine 2,5l9 

) Magnesia 1.105 

Sulphate of Magnessia^ 3.315 J Sulphuric Acid 2.210 

) Magnesium 2.092 

Chloride of Magnesium, 8.273 \ Chlorine 6.181 

) Sodium & Potassium . . 2.436 

Chlorides of Sodium & Potassium, 6.197 J Chlorine 3.761 

Nitrates of Soda and Potassa 1.060 

Ammonia 0.105 



I 



Chloride of Ammonia, 0.399 \ Chlorine 0.294 
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Analysis 67. Pump Water, Broad street, between Metcalf and Camp- 
bell streets, opposite the Planters' Hotel. September 10th, 1860. 
100,000 grains contain : 

Solid Residue 72.704 

) Lime... 1.958 

Anhydrous Sulphate of Lime, 4.756 \ Sulphuric Acid 2.798 

I Lime 2 925 

Nitrate of Lime, 8,566 \ Nitric Acid 5.641 

i Magnesium 4.130 

Chloride of Magnesium, 15.674 \ Chlorine 11.544 

) Magnesia 2,093 

Nitrate of Magnesia, 7.664 \ Nitric Acid 5.571 

) Sodium 4.730 

Chloride of Sodium, 12.027 ) Chlorine 7.297 

! Ammonia 5.860 
Nitric Acid 12.170 

Nitrates of Soda and Potassa 4.673 

The waters from this pump have been abandoned alike by man and 
beast. . 

The large proportion of nitrates in the waters of the pumps in the old 
settled portions of Augusta is readily explained, when we consider that 
there is not, and never has been any proper system of sewerage in Augus- 
ta — the drains in many of the streets are open ditches — the privies, 
which are sunk into the ground, are scarcely, if ever, cleaned out, and 
those which rest upon the ground, are cleaned not oftener than once a 
year, the soluble portions of the excrement and the urine being allowed 
to sink into the earth and saturate the soil and contaminate the water — 
the excrement and urine of the horses and cows in the streets, in like 
manner, are allowed to sink into the porous soil. Lime is extensively 
employed during the summer season for the purification of the streets, 
drains and privies, which excites decomposition in the organic matters, 
which results in the formation of nitrates of lime and the alkalies. We 
have, then, in the city of Augusta the same arrangements employed by 
the manufacturers of nitre from manure and lime and urine. 

Waters of Savannah, 

The elevated plain upon which Savannah is situated, is composed al- 
most entirely of sand, in some places discolored with iron, and in others 
slightly mixed with clay, but in general, pure sea sand with no foreign 
mixtures. When the city was first settled the wells penetrating twenty 
or thirty feet into the sand, yielded an abundant supply of pure and 
wholesome water. The analysis of the waters of Colonels Island will, 
without doubt, correctly represent the composition of the waters of Sa- 
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vannah, before they became contaminated by the excrements, urine and 
filth of the inhabitants — and even at the present day, the waters beyond 
the limits of the town, in the extension to the south of this plain, are 
pure and wholesome. 

The water in the thickly inhabited and older portions of the city have 
been contaminated by various salts in a manner similar to those of Au- 
gusta, To substantiate this assertion, we will upon the present occasion 

present the results of the analysis of two specimens of water, which I 
selected at the most favorable period to determine their characteristic 

properties. Savannah is now abundantly supplied with most pure and 

wholesome water from the Savannah River, and these pumps, in the older 

portions of the city are, we believe, almost entirely abandoned, 

Analysis 58. Pump Pwater, corner of Whitaker and Liberty streets, 
Savannah, June 2d. 1 860, hot and dry weather. 

Sp. Gr. at 60*". f 1000.5313 

100,000 parts contain : 

Solid Residue *. 67.000 

\ Lime 0.586 

Sulphate of Lime, 1.386, f Sulphuric Acid 0.800 

) Lime 6.331 

Nitrate of Lime, 15.612. f Nitric Acid 10.281 

i Magnesia 1.730 

Nitrate of Magnesia, 6.242, ) Nit.ic Acid 4.512 

) Magnesia 0.584 

Sulphate of Magnesia, 1.752, j Sulphuric Acid 1.168 

) Sodium 9.291 

Chloride of Sodium, 23.593, f Chlorine 14.282 

Nitrates of Soda and Potassa 6.301 

) Ammonia 5.653 

Sulphate of Ammonia, 11.811, f Sulphuric Acid 7.158 

Analysis 59. Pump water corner of Bull and B rough ton streets. Sa- 
vannah, June 1st, I860* 

Sp. Gr. at 60°. f 1000,5714 

100,0000 grains contain : 

Solid Resimie 55.388 

Sulphate of Lime, 1.500, ) Lime 0.618 

("Sulphuric Acid 0.882 

Nitrate of Lime, 15.934, \ Lime 5.441 

S Nitric Acid 10.493 

Sulphate of Magnesia, 0.243, \ Magnesia 0.162 

f Sulphuric Acid 0.081 

Nitrate of Magnesia, 8.783, ( Magnesia 2.434 

f Nitric Acid 6.349 

Sulphate of Ammonia, 8.543, I Ammonia 3.367 

) Sulphuric Acid 5.176 

Chloride of Sodium, 15.519, \ Sodium 6.106 

f Chlorine 9.413 

Nitrates of Soda and Potassa 5.720 

These analyses show the great extent to which the waters of the wells 
of Savannah and Augusta have been contaminated by the salts result- 
ing from the decomposition of the excrements and urine of man and ani- 
mals, blood meat and filth of every description, accelerated and modi- 
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fied by the action of the large quantities of lime used to purify the 
streets and privies, and necessarily incorporated with the soil during the 
erection of houses. 

The larger proportion of magnesia in the well waters of Augusta, is 
readily explained by the difference of the soil of the plains upon which the 
cities are situated, the earth of Augusta contains materials derivedf from 
the primitive regions above, which are rich in the silicates of magnesia, 
and capable of being decomposed to a certain extent by the quick lime 
used in the purification of the city, whilst the earth of Savannah, is 
almost entirely free from magnesia and its compounds, being composed 
almost entirely of silicious sand. 

The results of these examinations demonstrated, that the water of the 
older settled portions of Augusta and Savannah, are utterly unfit for any 
of the purposes of life ; in fact, if actual disease does not result directly 
from the use of these waters, they will induce such a state of the sys- 
tem as will aggravate every constitutional tendency, and cause it to fall 
an easy prey to the mildest epidemics. 

In fact these waters are almost as bad as the drainings of graveyards. 
The water of a well close to the Churchyard on the top of Highgate 
Hill, recently examined by an English Chemist, Mr. Noad, was found 
to contain as much as 100 grains of solid matter to the gallon, consist- 
ing of — 

Nitrate of Lime 40,12 

Nitrate of Ma&^nesia 17,06 

Sulphate of Potash 17 04 

Sulohate of Soda 9,52 

Chloride of Sodium 9,63 

Chloride of Calcium 5,91 

Silica 0,90 



100,18 

It will be seen upon comparison of this water from the graveyard with 
those of Augusta and Savannah, that the differences are those of quan- 
tity and not of quality, the constituents are the same in both. 

Tnis subject is one of great importance and demands a thorough in- 
vestigation, for although our towns and cities are at present inconsid- 
erable in comparison with the great cities of the world, or even in com- 
parison with the whole mass of population of Georgia still with the pres- 
ent increase of population, these questions must necessarily assume the 
magnitude and importance that they occupy in England France and 
Germany. We have every reason to believe that the origin and preva- 
lence of that terrible scourge to Southern cities, yellow fever, is con- 
nected to a great extent with the condition of the soil and waters of oui* 
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cities, for it is reasonable to suppose that poisons would not only find a 
suitable lodgement, but would also be generated in a soil completely per- 
meated and pervaded and contaminated by decaying vegetable and ani- 
mal matters, it is still more reasonable to suppose that the noxious gases 
%i;iang from such soil would induce such effects upon the inhabitants a^ 
tp^i^ravate every epidemic or contagious disease, however slight its 
f'eiMs upon healthy constitutions. If these questions do not now receive 
the attention which they merit, we may rest assured that at some future 
time pestilence and death will place them in their true light. The fol- 
lowing is the testimony of Dr. Hassell of London, who has devoted much 
time to the examination of the waters of London. 

Invpure Water a Source of Disease.* 

We n >w appr >ach th^ consideration of a very importsint division of our sub- 
ject, viz : the evidences which exist in proof of the statement that impure water 
is a source of disease. That the air of the country is more healthful than that of 
towns and cities is admitted by all, and that vitiated or impure air is capable of 
affecting the health injuriously, and of giving origin to disease, is universally al- 
lowed. 

Now we have shown, that whatever the air contains in the shape of impurity, 
the water imbibes in certain proportions, and from this simple fact it must be ad- 
mitted that water may and does frequently prove a source of disease, fbr that 
which is true of air out of water, can scarcely be less true of air imbibed by 
water. Now the effects of vitiated air are usually slow and insidious, but not on 
that account the less important or the less to be guarded against, and analogy leads 
us to believe that the bad effects produced by impure water, excepting those 
which occur during the prevalence of epidenucs, are of the same slow and insidi- 
ous character. 

D seaso occasioned by the earthy and cdkaXine impurities contained in water. 

The whole of the waters in this metropolis and its vicinity are of the 
kind termed hard. Now as has been repeatedly stated, the hardness of water is 
dependent principally upon the earthy bicarbonateis contained in it, but not en- 
tirely, as free carbonic acid, andjhe sulphates also, to some extent, when present, 
contribute to this hardness. But hard waters usually contain other salts, as the 
chlorides and alkaline carbonates : these last possess the property of imparting 
softness to water, so that the degrees of hardness, and the amount of those salts 
which impart that quality, by no means as a general rule, indicate the whole 
quantity of the saline constituents of water. 

Thus the degree of hardness of Thames and other river waters supplied to the 
metropolis varies from 11 to 18 deg , but the gross amount of saline ra-i tter to the 
gallon range from 20 to 28 grains. In well waters the quantity of earthy and al- 
kaline salts present is subject to the greatest possible variation. The waters of arte- 
sian Wells are only from 4 to 6 deg hardness, but they contain in addition to the 
earthy, alkaline salts frequently to the extent of 40 grains to the gallon. Lastly the 
hardness of some well waters in use, mounts so high as to 50 and even 60 deg., 
also with variable proportions of the alkaline salt. 



* Food and its adulterations by Arthur H. Hassell, M- D.j p. 73, London, Long- 
man, Brown, Green & Longman. 
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Now, allowing two quarts of Thames or other river water to be the average 
daily quantity consumed in some form or other by each person, there is introdnced 
into the system every day ten, twelve, or more grains of earthy and alkaline salt. 
In the same quantity of the waters of artesian wells there is contained from 15 to 
20 grains of alkaline salt, with the addition uf a very small quantity of earthy salts. 
While in a half gallon of the waters of some wells as much as half a drachm of 
saUne water is present. ,'V 

When it is remembered therefore, that about five grains of the earthy or tijjip^ 
line carbonates constitutes a medical dose, the conclusion is indisputable thatH()uBf. 
amount of those salts contained in the waters now in use, is sufficient to prodUdft- 
medical action, and therefore in some cases to affect the health. So convinced of 
this ftict are many physicians, that it is their practice in derangements of the di- 
gestive and renal organs frequently to prescribe distilled water. This practice 
was extensively adopted by the late Dr. Prout. In health the urine exhibits an 
acid reaction, but a very large proportion of those who are out of health and suf- 
fering from debility, pass feebly acid, and more generally alkaline urine. 

Now, there can be no question but th-^t the daily use of alkaline waters, which 
those now supplied to London really are, as is shown by their action on reddened 
litmus paper, tends to perpetuate this condition of the urine, and to prolong this 
8tafi;e of debility. 

This view of the action of the waters at present iu use, we are satisfied, is a 
very important one. Another serious and well established result of the use of 
hard water, is the liability incurred to the formation of calculus, especially calculi 
of lime For proof that the above statement of the effects of the daily use of hard 
and alkaline waters on health are not over estimated, we will now proceed to quote 
medical evidence. 

In Dr. Sutherl mds report on water cont lined in appendix III. of the report of 
the General Board of Health on the supply of water to the metropolis. Dr. 
Leech gives the following evidence : '' It has been observed that since this 
change urinary diseases have become less frequent, especially those attended with 
the deposition of gravel. So far as experience has gone, my own opinion is that 
dyspeptic complaints have become diminished in number. With the same reser- 
vation as to time it is the opinion of the medical profession, that fever has numer- 
ically diminished, and that the cases which occur are more amenable to treatment, 
by the use of the soft water supply than they were with the former supply. 

" During the late cholera there was a remarkable ctrcumstance which deserves 
notice as compared with the epidemic of 1832. Since the former period the pop- 
ulation of Glasgow, south of the Clyde has nearly doubled; and with this excep- 
tion, and the introduction of the soft water supply, the circumstances might be 
considered the same at both periods. In one district, rhe parish of Gorbals, the 
attack in 1832 was fearful; while Glasgow northof the Clyde, alsosufFerred se- 
verely. During the lite epidemic, Gorbals parish furnished comparatively a 
small number of cases, while the epidemic in other parts of Glasgow was very 
severe. The unanimous opinion of the Medical Society was that this immunity 
was to be attributed to the soft water supply." 

In the same r»"port Dr. Paton of Paisley gives nearly similar evidence, "I was 
not in town previous to the filtered river water being used, but in the first ten 
years of my practice here from 1827 to 1838, cases of calculous disorders were 
very numerous ; the last ten years I have seen few or none, unless old cases pre- 
viously affected, or in parts not accessible to the water of the company, and a few 
from some of the chalk counties of England. With regard to the time previous to 
the introduction of the filtered river water, which must have been about 1804 or 1805, 
I can communicate nothing of my own knowledge ; but from frequent conversa- 
tions with my partner, the late Dr. White, I was given to understand that the 
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c ises of stone were very numerous. The same thing was often mentioned by 
other old practitioners. They also mentioned the rapid diminution of them after 
the river water came to be u«ed in part, and now there is not a single case of 
calculous disease, except those previously mentioned." But there is also some evi- 
dence to show that the diffusion of fever and cholera are also favored by the use of 
hard water. On this point Dr. Paton makes the following important observa- 
tions: "Cholera appears, during this Ust and former attack, to have been more se- 
vere in these places where the water is obtained from calcareous wells, or where it 
is impregnated with other mineral matters, than in those places where it issues 
fi'om wells over traps, or where it flows over a rocky soil of that nature. I may 
mention that in Charleston a district of Paisley standing higher and possessing^ 
purer air than most of the town, and containing: about 4500 inhabitants mostly 
supplied with water from wells and not from the company, cholera made its most 
severe attack, hardly missing a family excepting a few who were supplied with 
pure water. When cholera prevailed I attended many cases of diarrhoea, espe- 
cially in parts of the town supplied with wells." 

And again Dr. Paton remarks, in comm^^nting upon the report of the Local 
Board of Health of Paisley. 

"You will pprceive that where pure water has been supplied there have been only 
347 cases of fever during twelve months, and where it has not, the numbers have 
been 50*2. This difference is not so marked, but when it is is considered that the 
larger number comes from one-tenth of the inhabitants, and the smaller from the 
remainder, it is then fully seen what is the value of the pure water. 

Disease Occasioned by tha M.tallic Lfipurities contained in Water, 

Numerous are the cases which have been recorded of the serious and even fatal 
results following tue use of water containing lead in solution. 

Since it has been shown that many hard waters act energetically on lead, the 
presumption has become extremely pro'>able that many obscure effects and attacks, 
especially of colic, are really to be referred to the lead introduced into the system 
through the water. 

Ic is to be remembered that lead is one of those substances which accumulate 
in the system, so that although a very minute quantity only finds its way into the 
body ea h day, yet after the lapse of weeks or months, the accumulation may 
be so considerable as tn produce disease. 

The amount of iron present in the London waters is but very small, and scarce- 
ly sufficient in itself to produce disease.. 

The effect of even very minute doses of this metal on some nervous and sus- 
ceptible constitutions is extraordinary. 

Diseases occasioned by tJie Or::^anic I'npurities of Water, 

In proof that water highly charged with decomposing organic matter frequent- 
ly gives rise to severe and fatal diseases, often of an epidemical character we shall 
be able to produce an abundance of evidence. 

To occasion these effects it is probably necessary that the organic matters should 
resolve themselves into certain deleterious substances and gases, as the carburetted, 
sulphuretted and phosphuretted hydrogen gases, cyani(J£s, &c., as well as doubt- 
less miy other lethal products, the nature and composition ot which have hither- 
to eluded the detective powers of chemical saience. 

With respect to the effects produced by the living productions contained in im- 
pure water, we will quoti tlie evidence given by ourselves before the General 
Board of Health. 

Cluestion 130. What are the observed effects of the consumption of the va- 
rious foims of animal and vegetable life present in water on health? 
Tlie fact of the existence in large quantities of living productions belonging to 
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several distinct divisions of the organic world, and for the most part entirely in; 
visible to the common eye in the waters in general use, was not I believe, gener- 
ally known until announced by myself in the pages of the Lancet some time 
since. It is therefore scarcely to be expected that there should as yet have been 
made many observations tending to show the effects of their consumption upon 
health, nevertheless, we are not altogether without data upon which to found an 
opinion, thus the organization and mode of life of many of these produf'tions, as 
the entomostraceas most of the infusoriiB and algoij are such as clearly to unfit 
them for any prolonged existence in the human stomach and intestines, and there 
is no qaestion but that when introduced therein they speedily die ; the digesti- 
ble portions being assimilated ; but whether this is the case with the fnngiy the 
anneLidcB and certain infusoriae and algm admits of doubt. 

It is a well ascertained fact that the fung-l have the power of attacking and pro- 
ving fatal to many vegetuble and the lower forms of animal life. 1 may here refer 
to certain experiments I made to test the aggressive and parasitic powers o{ fiins^i. 
Many fruits such as apples, pears and peaches and several vegetables, as the let- 
tuce, vegetable -marrow, potato-haulm, &c , were inoculated with the sporules of 
fungi ; the result of this was that they all became speedily diseased, and in a few 
days many of them entirely disintegrated and destroyed. It is to be observed 
that these experiments were made on healthy and growing fruits and vegetables ; 
the f.)rmer were still on the trees, and the latter rooted in the ground. In the softer 
fruits as the peach and some kinds of apples and pears, the effect of the inoccula 
tion became visible in less tian twenty-four hours a dark spot, like that of morti- 
fication first appearing and then gradually extending in all directions until th« 
fruit becomes entirely disorganised. There are now also many recorded cases, in 
which fungi have attacked the living animal organism including even man him- 
self; the disease muscardine, which occurs in the silk-worm and many other ani- 
mals Af the same class, as well of the peculiar sof ening of the tails of fish confined 
in glass globes, frequently undergo, is attributable to the growth within the tissue 
of ih»- animal of ramifying filaments of fungi. Again fnngi have been noticed 
growing on ulcerated surfares in the human intestines in cases of fevers : they have 
also been observed in certain affections of t.)e skin and in discharges from the 
stomach, bladder, bosvels and vagina. 

With respect to annelidce it is commonly known that several species of worms 
live in the human intestines, and even grow and multiply there greatly to the 
detriment of health, and it is difficult to avoid the conclusion that they are really 
introduced from without, either in the water or through the medium of food. 

Aminalculcs widely differing; from e ich other have also been found to occur in 
the human organism in connection with i-ertain diseases. Thus Donne has fig- 
ured and described a vibrio under the name of the venereal vibrio ; the same ob- 
server has likewise noticed in vaginal discharges infusioria, which he has named 
trichomonades : and which as well as the vibrio are figured in my book. "On 
the Microscopic Anatomy of the Human Body in Health and Disease." Other 
animal productions have been noticed in the humours of the eye, in the muscular 
tissues, &.O. 

The only instance of an alga being found in connection with the human subject 
is that recorded by Dr. Arthur Furre : it was observed in a case attended with 
vomiting, and has been named Sarcina ventricidi. It is particularly worthy of 
observation that the greater part of the living productions noticed in relation to 
man have had their seat either on the surface of the body, in the stomach, intestines, 
urinary passages <ind uterus : that is almost invariably in positions accessible to 
the air, un observation leading to the conclusion that they found their way into 
the frame from without. 

"Ctuestion 131. The diatomacecB^bie I believe, furnished with skeletons of 
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silex : what becomes of them when introduced into the stomach, and is it proba- 
ble that they could give rise to results injurious to health 1 The vitality of the 
kiatomaceae is most probably destroyed when introduced into the system : they 
pass, however, in an entire state and when consumed in any quantity, it is quite 
possible they might give rise to irritation, in consequence of their unyielding nature 
and of the elongated and needle-like character of most of the species, the extrem- 
ities of the frustules frequently being finer and sharper than the points of needles." 

In reference to the genertd effects of the use of water containing decomposing 
organic matter. Dr. Gavin, in evidence before the Board of Health, states : 

''The connection between foul drinking water and cholera was established by 
irrefragable evidence. The cases where the connection was most clear, were 
where the parties had been drinking water taken from pumps, near to, and con- 
t-iminated by the m itter of cess pools : but wherever the water was contaminated 
so as to be nauseous, diarrhose was invariably present, and afiected every person in 
the habit of drinking such water. I am not aware of any valid exceptions to this !aw. 
The most aggravated instance of foul water developing cholera, was where a thirsty 
narigator drank of the Hackney-brook (a common sewer), and was almost imme* 
diately attacked with cholera and subsequently speedily died. 

The cases next most marked were those of the eleven persons, out of twenty- 
two in number, whom I have already recorded as having perished in a certain 
square, consisting of a few houses where the water was contaminated with cess 
pool water. 

A similar story I have related with reference to the first outbreak of cholera «t 
Fulham. In Hackney, I have shown, how out of sixty- three inhabitants of one 
locality who drank of water contaminated with cess pool water every one, had 
had, or then had more or less diarrhoea, and that to avoid its excessive filthness, the 
whole of the inhabitants of that row were compelled to drink and use for domestic 
purposes the water that ran down the kennel." 

These are the more marked instances, but the cases where foul water led to the 
development of cholera were so numerous th'\t ail the visitors under my super- 
intendence, united in their testimony as to the influence of such water upon the de- 
velopment of cholera. I have traced in many instances the unsuspected cjuse of 
the development of the disease in the state of the drinking water. Whrn it is lec- 
ollected that the water of the poor is almost always exposed to the noxious gases 
and agencies which arise from privies, and the slow decomposition of the refuse 
in their yards, and also from those in their close offensive and impure dwellings, it 
will at once be understood that such water produced much and severe diarrtoa 
during the period of cholera." 

Mr. Bowie, Surgeon, gives the following testimony in reference ta the produc- 
tion of cholera from the use of impure water : 

" During the raging of the cholera I met with many cases where ii was asserted 
that the badness of the water was the cause of the attack, and I have no doubt 
that it greatly tended to increase the liability to disease. 

"It is well known that cholera raged with frightful and destructive violence in 
Merthyr Tydfil, Dowlais and other mining towns and villages in South Wales, and 
in all these places I heard the opinion expressed by many of the population that it 
was something in the water. The supply was wretchedly defective and the warer 
very impure." 

" Again, the water supplied to the Tower was pumped from the Thames at a 
certain point wi hin 200 yards ©f a sewer, the contents of which were all the 
blood and refuse from the butrher shops in Whitechapel. 

The soldiers and all the inhabitants of the Tower complained of the water, and 
attributed a great deal of the disease to its impurity. A regiment that came from 
Chichester had eighteen on their sick list three days after their arrival. The sick- 
ness on that occasion was attributed to the same cause." 
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The evidence of Mr. Challice, Surgeon, is nearly to the same effect. 

"Tlie first fatal case ef cholera that I met with was that of a master of a vessel 
at Gravesend. He was a fine man in the prime of life, and in perfect health when 
he left London. He was going to the Baltic ; he drank rather largely over night, 
parting with hit owners and others, and got up in the morning and drank hear- 
tily from one of the water casks which had just been filled with Thames water ; 
be was soon after attacked with purging and vomiting. 1 went down post and 
found him dead. I asked particulars and found that his death was so sudden it al- 
most appeared as if he haid taken poison in the water. Subsequently it was from 
fticts that came almost hourly under notice, that I formed the opinion of the direct 
consequences of taking impure water in producing a disordered state of the bow- 
elsi and those who had sudia state of the bowels were pre-eminently in a condi- 
tion to become victims to the disease." 

Mr. Charles Martin, Surgeon, gives the following evidence, in reference to 
cholera on Jacobs Island, Bermondsey: 

*< I think in the greater number of houses there was no water to drink except 
from the tidal ditehes, until about July. At that time a great supply of water was 
laid on. It had been getting worse for years past : the waters in the ditches be- 
coming in some parts absolutely putrid, thick and slimy. 

1 know some clusters of houses where they had only such water to drink, and 
I know that out of five of those houses the inmates of four were affected with 
cholera. In all the early cases of cholera, the parties were found to have been 
supplied with water from these ditches. One case was that of a man firom 
Maidstone, who staid at a public house in Mill street for the nixht. He arrived on 
Saturday and was attacked with cholera on Monday. In that house no water was 
laid on, great numbers of the houses in the neigeborhood are stiK. not supplied with 
water." 

Tcstiminy similar to the above, showing the connection between impure water, 
cholera, fever and other diseases, might be multiplied to almost any extent, enough 
however, has been advanced clearly to establish the relation in question." 

These investigations upon the waters of Savannah and Augusta, have 
agricultural as well as sanitary bearings. 

The salts contained in these wells are valuable fertilizers, and no wa- 
ters will produce more powerful effects upon vegetation and yield a greater 
return for the capital invested than the sewage and drainage waters of 
cities. 

As no attention whatever has been paid to this subject in Greorgia, I 
will adduce the testimony of an eminent agricultural writer, Mr. Henry 
Coleman, who travelled through Europe for the express purpose of cx- 
aming and comparing the various systems of agriculture. 

Mr. Coleman* thus describes the method of employing in agriculture 
the drainage water of Edinburgh : 

" I come next to speak of a system of irrigation established in Edin- 
burgh, which I looked at with a good deal of interest, where the sewage 

♦European Agriculture and Rural Economy from personnl observation by Henry 
Coleman, Honorary Member of the Royal Agricultural Society of England, of the 
National Agricultural Society of France, and of the National Agricultural Society 
of the United States. Vol. 11, pp. 159-161. 
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water from drains of the city are applied to grass lands in its neighbor- 
hood, which by this means are rendered most extraordinarially pro- 
ductive. • 

The drainage water from a large portion of the city of Edinburgh is 
collected into covered carriers and drains, and from these emptied into a 
small stream of water, very properly as one may suppose in such case, 
called the Foul Burn, the term burn being the Scottish name for a small 
stream or brook. Here it passes along, in an open brook, among some 
flat lands, which bv proper arrangements, it is made to overflow. I 
I should state that, before it reaches the places where it is thus 
diffused, it is received in tanks, where the more solid parts are deposit- 
ed. It does not require any extraordinary acuteness of smell, on ap- 
proaching these irrigated lands, to become satisfied that the waters, even 
after passing from the cisterns or tanks, are sufficiently charged with 
odoriferous particles held in suspension. Indeed, in visiting some parts 
of the old town in Edinburgh, of Glasgow, and of Dundee, it is difficult 
to persuade one's self that the inhabitants of those parts are not absolutely 
defficient in one particular sense. 

Whether, with the present habits prevailing in those places, this defi- 
ciency is to be considered an evil or a good, I shall not undertake to 
decide. 

This water thus received, is diffused over three hundred acres of land; 
and these lands are rendered productive to a most extraordinrry degree. 
One of the principal proprietors, who held his land under a long lease, 
at a rent of £. 5 per acre, and sub-let this irrigated land at £, 30 per 
acre, informed me that it was sometimes cut 7 times in one season. The 
grass is carried into the city, a distance of 2 or 3 miles, for the support 
of the cows which supply the city with milk. Different channels or gut- 
ters are formed for the admission of the water, so that the whole may be 
flooded. It is applied generally after every cutting, where the situation 
admits of it ; but it is found advisable not to apply it immediately upon 
the grass being cut, nor before it has obtained some small growth. 

The offensive exhalations of meadows thus treated have been the sub- 
ject of prosecutions at law, as nuisances to health, by parties who derived 
no benefit from the operation, and whose sense of smell, therefore, was 
not as I have known in some similar cases, benumbed or bribed by any 
pecuniary advantage. In the testimony adduced on these occasions, it 
has been stated that the rent for *which some of these meadows are 
leased in small portions to cow-feeders, varies on an average from £. 20 
to £. 30 per acre. 
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Some of the richest meadows were let in 1835, at £. 38 per acre ; 
and in that season of scarce forage 1826, £, 57 or $285 per acre, were 
obtained from the same meadows. 

The waste land, called Fig get WJiins^ containing thirty acres, and 
ten acres of poor sandy soil, adjoining them, were formed into water 
meadows, in 1821 at an expense of £1000. The pasture of the Figget 
Whins containing thirty acres, used to be let for £40 per year, and that 
of the ten acres at £60. Now, the same ground, as meadows, lets for 
£15 or £20 an acre per year, and will probably let for more, as the land 
becomes more and more enriched ; that is, land which, before the irri- 
gation, let for about $500 per year, now, under this improvement yields 
an annual rent of from $3000 to $4000. The irrigation is continued at 
different times, from the 1st of April to the middle of September. 

The parties interested in the use of this water for irrigating these lands 
maintain that the grass produced in these meadows by this process, 
supports in Edinburgh, 3000 cows, and in Leith 600 cows. It is added 
that the parties interested in the lands estimate the compensation 
which would induce them to discontinue the practice, at £150,000, or 
$750,000. This is stated as the sum which the proprietors at the west 
side of the city would be entitled to, exclusive of those at the east, were 
the practice abolished by government." 

However small in comparison to Edinburgh, the towns of Georgia 
may be, still these most extraordinary results are worthy of consideration, 
and should lead to investigation, for the time must come, and in fact has 
already come, when the Planters of Georgia must examine and test 
every source of fertility upon their own soil. 

The removal of the sewage, filth and excrements of a city, is second 
only to the introduction and liberal supply of wholesome water, and should 
occupy the attention of the agriculturist as well as the consideration and 
supervision of the Boards of Health, Municipal Authorities, Physicians 
and Philanthropists. 

It has been calculated by European Agriculturists, upon reliable data, 
"that in a city containing 100,000 inhabitants, there is produced of hu- 
man manure, 24,440 tons a year, sufficient according to Liebig, to ma- 
nure 50,000 acres of land, and if conveyed to the soil by irrigation, worth 
at least £12,000 a year, or $60,000, and probably much more." 

Many other sources of fertility accessible to the Planters of Georgia, 
demand careful consideration ; in the present report we can do nothing 
more than notice briefly the most important. In subsequent reports 
these will not only be fully noticed but the results of the most extensive 
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and reliable European and American experiments will be presented at 
the same time. 

COTTON SEED. 

At this late day, no planter needs to be informed that Cotton Seed 
will compare favorably in its efiV cts with the very best commercial fer- 
tilizers. We wish merely to call attention to its chemical constitution, 
and the best method of preparing it for application to the crop. 

The following analyses represent the composition of a sample of the 
ash of Cotton Seed, submitted to my examination by Mr George 
Schley, of Augusta. The lot was sent to Mr. Schley from New Orleans, 
as a sample of what might be furnished in large quantities for fertilizing 
purposes. Notwithstanding that it was evidently prepared without any 
special care, the wood with which it was burned, (most probably shingles 
or boards,) containing many rusty nails ; and notwithstanding that a con- 
siderable portion of sand was raked up with the ashes, it still yielded 56 
per cent, of the Phosphate of Lime and Potassa in a highly soluble 
state. In fact, the ash of Cotton Seed is capable of yielding more soluble 
phosphates than any other fertilizer offered in the American market. 

Ash of Cotton Seed from New Orleans. 

ANALYSIS 60. ASH OF COTTON SEED AS RECEIVED. 

100 PARTS CONTAIN 

Phosphate of Lime, 22.693 

Phosphate of Potassa, 26.177 

Chlorides of Sodium & Potassium, ) Sodium & Potassium, 0,872 

2.119 S Chlorine, 1.347 

Sulphates of Potassa & Soda, ) Potassa & Soda 1 655 

3.158 \ Sulphu-ic Acid, 1.503 

Carbonate of Lime, 1.602 

Water chemically combined, ] 
Scales of Oxide of Iron, I 

Fragments of rusty nails, \ 30.724 

Charcoal, I 
Sand, and other impurities, J 
Water as moisture, 12 824 

ANALYSIS 61. ASH OP COTTON SEED DRIED AT 230^ F. 

loo PARTS CONTAIN 

Phosphate of Lime, 26.029 

Phosphate of Potassa, 30.028 

Chlorides of Sodium. & Potassium, ) Sodium & Potassium 0.994 

2.546 \ Chlorine, 1.552 

Sulphates of Soda & Potassa, ) Soda & Potassa, 1,959 

3.623. \ Sulphuric Acid,. 1.664 

Carbonate of Lime, 1,830 
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Water chemically combined, 
Scales of Oxide of Iron, 
Rusty Nails, 

Charcoal, particles of brickbats, 
Sand, and other impurities, 

In addition to these analyses, we have before presented the results of 
the chemical examinations of Cotton Seed by three different chemists — 
Dr. Ure, Professor Shepard and Dr. Smith. 

In the application of Cotton Seed, the planter should act upon the 
principles which we have established in a former chapter upon immuta- 
ble ground, viz : that animal and vegetable manures should always be 
applied, if possible, in their natural ' condition, and should never be 
burned under the erroneous idea that the ash alone is valuable. 

The organic matters of the Cotton Seed will generate ammonia, and 
at the same time, during their decomposition the salts will slowly be given 
out, and supplied to the plants continuously during their growth. The 
ashes of the Cotton Seed, on the other hand, are readily washed by the 
rains, below where the roots of the plant can penetrate. It will, there- 
fore, greatly deteriorate if not completely destroy the value of Cotton 
Seed, as a manure, to bum the organic matters. 

We will not dwell longer upon this subject, as we have already devoted 
an entire chapter to its discussion. 

URINE AND EXCREMENTS OF MAN AND ANIMALS, 
Unless these be restored to the land, it is evident that it must pro- 
gressively lose its fertility from the abstraction of certain salts necessary 
to the growth and perfection of plants. This relation between plants 
and animals was clearly demonstrated in a previous chapter, and illus- 
trated by elaborate tables, expressing the relations between the constitu- 
ents of the two kingdoms ; and it is unnecessary to dwell longer upon 
one of the most common and fully acknowledged axioms in agriculture ; 
and we shall content ourselves at present with merely presenting facts 
which show that all the elements of fertility exist in the excrements of 
man and animals. 

That the excrements of human beings, as well as of animals, are capa- 
ble of supplying all the material necessary for the development and per- 
fection of all crops, will be readily demonstrated and comprehended by 
an examination of the following analyses, and the comparison of the 
results here embodied with the tables before presented, exhibiting the 
chemical constitution of Wheat, Barley, Oats, Indian Corn, Cotton, Po- 
tatoes and other vegetables : 
20 
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Analysis of Human Faces, by Berzelius. 

Water, 73.300 

Insoluble Animal & Vegeta- 
ble remains, 7,000 

Mucus, fatty, and other ani- 
mal producis, 14.000 

Bile, 0.900 

Albumen, 0.900 

Peculiar extractive matter,,. 2.700 

Chloride of Sodium, 0.309 

Sulphate of Soda, 0.15-? 

Carbonate of Soda, 0,271 

Phosphate of Magnesia, .... 0.155 
Phosphate of Lime, 0.3 10 



Percentage of Ash, 



100.000 
. 1-200 



Analysis of Human Urine, by Berzelius. 

Water 93.30 

Urea, 3.01 

Uric Acid OlO 

Lactic Acid, Lactate of Pot- 
ash & Ammonia, 1.71 

Mucus, 0.30 

Sulphate of Potash, 0.37 

Sulphate of Soda 0.32 

Phosphate of Soda, 0.29 

Phosphate of Ammonia, 0.16 

Chloride of Sodium, 0.45 

Chloride of Ammonia, 0.15 

Phosphate of Lime & Magne- 
sia, 0.11 



Analysis of the Ash o/ Human 
Faeces, by Berzelius. 

Phosphate of Lime, ) 
Phosphate of Mag- [-66.66 

nesia & Gypsum, ) 
Sulphate of Soda, j 
Sulphate of Potash, [. 5.53 
Phosphate of Soda, ) 

Silicic Acid, 10.66 

Carbon aud Loss,....12.00 



Analysis of the Ashes of the 
FoBces of a Horse, by Jackson. 

Phosphate of Lime,.. 5.00 
Carbonate of Lime,.. 18. 75 
Phosphate of Magne- 
sia & Phosphate of 

Soda, 36.25 

Silicic Acid, 40.00 



100.00 

Analysis of the Ashes of the 
Faces of the Cow, by Haiaen. 

Phosphate of Lime,. . .10.9 
Phosphate of Magnesia,10.0 

Silicic Acid, 68.7 

Phosphate of Iron,. ... 8.5 

Lime, 1.5 

Gypsum & Chloride of 

Potassium, 8.1 

Carbon and Loss, 1.8 

100.00 



We have before recommended the use of swamp deposits, and also 
demonstrated by chemical analyses their great agricultural value. Pro- 
vidence has placed at the disposal of the planter, in the deposits of swamps 
and forests, the means of restoring to his lands far more than what is 
yearly sent off in the form of Cotton, Wool, Grain and Cattle. The 
great problem of agriculture — the maintenance of an equilibrium — the 
maintenance of the soil in a state of permanent fertility, thus finds its 
solution in Georgia. 

Use lime as the basis of all permanent agricultural improvement' 
Save and apply every pound of manure. 

In addition to this, supply the yearly waste which goes on over and 
above the manure returned, by the deposits of swamps and forests. 

In this connection, wc cannot refrain from presenting to the Conven- 
tion the following Essay on Making Compost Heaps, which received not 
only the sanction but the prize of one of the most enlightened and learned 
Agricultural Societies in the world. 
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Prize Essay on making Compost Heaps from Liquids and other 
Substances ; loritten from the evidence of many years expe- 
rience. By James Dixon, Esq.* 

The force and power of an agriculturist to produce good crops mainly depend 
on the manures he can command, and how to derive the greatest possible amount 
from his immediate resources is one of the most useful subjects that can engage 
his attention. The English Agricultural Society having offered a premium for 
the best mode of making compost heaps, I venture to forward the committee my 
ideas on this most important branch of rural management ; and in doing this, I 
shall state the course I have pursued in this particular for many years, and in 
which every additional experience inclines me not to make any systematic alte- 
ration. 

My farm is a strong retentive soil, on a substratum of ferruginous clay ; and 
being many times disappointed in what I considered reasonable anticipations of 
good crops, I determined on a new system ot manuring. Though quite satis- 
fied of the expense which would necessarily be incurred by my plan, I still deter- 
mined on its adoption. At the onset I effectually drained a considerable part of 
my farm. 

My next object was how to improve its texture at the least cost (perhaps I 
may be allowed to state that my holding has alwavs been at rack rent) . For 
this purpose we carted great quantities of fine saw-dust and peat earth or bog ; 
we had so far to go tor the latter, that two horses would fetch little more than 
three tons in one day — one horse would fetch three cart loads of saw- dust in the 
same time. 

Having brought great quantities of both peat and saw dust into my farm 
yard, I laid out for the bottom of a compost heap a space of considerable dimen- 
sions and about three feet in depth ; three-fourths of this bottom was peat — the 
rest saw dust; on this we conveyed daily the dung from the cattle sheds; the 
urine also is conducted through channels to wells for its reception — one on each 
side of the compost heap; common water is entirely prevented from mixing 
with it. Fvery second day the urine so collected is thrown over the whole mass" 
with a scoop, and at the same time we regulate the accumulated dung. This 
being continued for a week, another layer, nine inches or a foot thick, of peat 
and saw dust {and frequently peat without saw dust) is wheeled on the accu- 
mulated heap. These matters are continuously added to each other during the 
winter, and in addition once in every week never Itss than 25 per cent, more fre- 
quently 50 per cent, of ni^ht soil and urine ; the latter are always laid next above 
the peat or bog earth, as we think it accelerates their decomposition. It is, per- 
haps, proper here to state that the peat is dug and exposed to the alterations of 
the weather for several months before it is brought to the heap for admixture ; 
by this it loses much of its moisture. In some cases peat contains acid or as- 
tringent matters, which are injurious to useful vegetation. On this I have not 
tried any decided experiment, but am led to the supposition by frequently seeing 
stones, some in a partial state of decomposition, others wholly decomposed, in 
bogs, and at the depth of several feet from the surface. Several years experience 
has convinced me of the impropriety of using recently dug peat; proceeding in 
the manner I recommend, it is superior and more convenient on every account — 
very much lighter to cart to the farm yard, or any other situation where it is 
wanted; and so convinced am I of its utility in composts for every description 
of soil, except that of its own character, that, wherever it can be laid down on a 
farm at less than 4s . per ton. I should recommend every agriculturist and horti- 
culturist who can command it. even at the cost here stated, to give it a fair trial. 
So retentive and attractive of moisture is peat, that, if liberally applied to an 
arid sandy soil, that soil does not burn in a dry season ; and it so much improves 
the texture and increases the produce of an obdurate clay soil, if in other respects 
rightly cultivated, that actual experience alone can fairly determine its value- 

For the conveyance of night soil and urine, we have the largest and strongest 

* Journal of the English Agricultural Society, vol. 1, p. 135. 
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casks, such as oils are imported in ; the top of which are provided with a funnel 
to put the matters through, and the casks are fixed on wheels like those of a 
common dung cart. For the convenience of emptying this carriage, the com- 
post heaps are always lower at one end; the highest is when we discharge the 
contents, in order that they may in some degree spread themselves over the 
whole accumulation: the situation on which the wheels of these carriages stand 
while being discharged is raised considerably ; this we find convenient, as the 
compost heaps may be sloped six or seven feet high — low compost heaps, in my 
opinion, should be avoided. The plan here recommended I have carried on for 
some time. I find no difficulty in manuring my farm over once in two years; 
by this repetitton I keep up the fertility of my land, and it never requires more 
than a moderate application of mannre. I am fully aware that there are many 
localities where neither peat nor night soil can be readily obtained; but it is 
worth a farmers while to go even more than twenty miles tor the latter sub- 
stance, provided he can have it without deterioration; the original cost is often 
trifling. On a farm where turnips or mangold are cultivated to some extent, the 
system here recommended will be almost incalculably advantageous; a single 
horse is sufficient for one carriage — mine hold upwards of a ton each ; 6 tons of 
this manure in compost with peat, or, if that is not convenient, any other mat- 
ters, such as ditch scourings, or high headlands which have been properly pre- 
pared and laid dry in a heap for some time would be amply sufficient for an 
acre of turnips or mangold. This manure is by far the most invigorating of any 
that I have yet tried ; bones in any state will bear no comparison with it for any 
crop ; but it must be remembered that I write upon the supposition that it has 
not been reduced in strength before it is fetched. 

Convenience frequently suggests that compost heaps should be raised in differ- 
ent parts of a farm; but unless in particular instances, it is well to have them in 
the yard ; in the farm yard all the urine from the cattle stalls may be employed 
with the greatest economy ; and be it remarked that the urine from animals in 
given weights is more powerful than their solid excrements. How important 
then must it not be to the farmer to make the most extensive and most careful 
use of this liquid I It is sometimes carted on the land, but that practice will not 
bear a comparison with making it into composts in the manner here recom- 
mended. Great waste is often made in putrescent manures after they are carted 
on the land ; instead of being immediately covered or incorporated with the 
soil, we not unfrequently see them exposed for days together in the hot rays of 
a scorching sun, or to the injurious influences of a dry wind. I have before 
stated that compost heaps should on many coi.'siderations be raised in the farm 
yard ; still, circumstances are frequently such that it is more proper to make 
them at some distance in the fields ; if a head land becomes too high by fre- 
quent ploughings or workings of the land, in that case it should be ploughed at 
the time when clover or mixed grass seeds are sown with a white crop ; for in- 
stance, barley or oats, and clover for the year following ; a headland might then 
be ploughed, and a number of cart loads of some manure heaped from one end 
to the other. Immediately after this, it should be trenched with the spade (or 
what is sometimes called digging) and ridged high, in order that an action 
should take place between the soil and the manure ; by this means the mass 
would soon be in a condition for turning over, and any ditch scourings or other 
matters which had not in the first instance been used, might now be added to 
the mixture. The heap should then be allowed to remain closed for a few 
weeks, then turned over again ; at this turning in all probability the mass would 
be much reduced ; if sufficiently reduced, raise the ridge of compost well on both 
sides, but instead of its top being pointed, make a trench or cavity on the top 
from one end of the heap to the other. This cavity should be made tolerably 
retentive of moisture, which may be effected bv treading with the feet; carriages 
of nigfhtsoil and urine from the cattle stalls may then be emptied into the trench 
and the bulk of the heap would determine how many were required; this being 
done, a little earth should be thrown into the trench and the heap allowed lo 
remain in that state until the middle or last of the autumn; it will then be ready 
for another turning; but at this time care must be taken to have the heap well 
made up at the sides and pointed ^t the top; in this situation rain will be thrown 
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off, and the copipost preserved dry until the winter presents some favorable op- 
portunity for laying it on the young clover, wheat, or for making any other use 
of it which may be required. 

The beneficial effects of top dressing young clovers or mixed grass seeds is 
scarcely ever regarded with due attention. By this help crops are not only 
much increased, even 30 or 50 per cent., but they are also ready much sooner, 
which, in a backward spring, gives the stock farmer inestimable advantages for 
sorting his cattle, and thereby raising manure at his pleasure. The full effects 
of this practice I first experienced in the dry season of 1826. I had some clovers 
which had been manured the previous winter; my land was soon covered with 
crop, and that so vigorous a one, that the hot weather did not over- power it. 
My cows that summer were tied up during the day-time, and at night turned out 
into pasture : most of the stock in my district were much distressed from over- 
heat, as well as being short of food for some weeks ; milk yielded little butter, 
scarcely any for a time was offered in our large market town. No doubt that 
year will be remembered by many gentlemen on the Agricultural Society's 
committee. I, however, was under no difficulties on account of the season ; my 
clovers produced plenty of food for my cattle, and, in return, they yielded as 
much milk and butter as I ever recollect from the same number. 

I am persuaded that the same satisfactory results would have followed if the 
same system had been adopted for feeding stock ; it was that year my attention 
was first directed tc raising compost heaps from urine. This I now do frequent- 
ly without the help of any dung from the catt e stalls. The same occasion called 
my mind to another matter well worthy the farmers attention. I allude to the 
great superiority of the manure raised in summer soiling to that produced in the 
stalls during the winter. I verily believe the difference is 50 per cent., unless 
stock are fed in a great measure during winter with artificial food. For an 
arrangement for making compost heaps from urine, I would recommend a recep- 
tacle to be made at the back of the stable just outside the building; this should 
hi»ld about 20 cart loads of mould, or any other matters to be employed. If its 
situation were a little lower than the cattle sheds, all the urine would pass into 
it, and remain there until the mass is completely saturated, which will 
be sufficient. When the earthy matters are covered over with it, the compost 
may then be thrown out and the proceeding again renewed. In order to show 
part of the benefits of this practice, I beg here to observe that the most foul or 
weedy mould may be used. The action of the uri/ie. if not reduced by water, is 
so powerful that wire worms, the black slug, many other destroying insects, and 
all vegetable weeds, &c., when in contact with the urine for a time, lose their 
living functions. The situation for raising this compost should be protected 
from the weather by a covering similar to a cart shed; indeed, the deteriorating 
influences of sun, rain and winds on all putrescent manures or compost are 
so serious that in my humble judgment it would be worth while to have places 
under cover where these are usually laid down. 

The ordinary way of conveying manures on land admits of much improve- 
ment. 1 am now preparing carriages and a movable railway for this purpose. 
Where compost is raised in the field, I am confident that I shall be able to save 
100 per cent, in time, and also a very considerable one in expense. Not having 
my designs yet in actual operation, I cannot at present show any practical re- 
sults. At no distant time this shall be the subject of another paper. The sys- 
tem here alluded to I have in a forward state of preparation ; also other matters 
for improving a deficient texture. 

I beg to conclude this essay with some observations made on a former occas- 
ion. No amelioration connected with the rural art is of more lasting importance 
than correcting the constitutional defects of a soil. The best horticulturists and 
market gardeners are many of them, perhaps, unacquainted with the theory, yet 
perfectly understand the great results from that practice ; and in this particular 
information, are superior to many practical farmers. How often do we see a 
stiff soil sterile in a great degree from that cause only ; yet in the vicinity of a 
sand pit and adjoining most bogs there is a considerable breadth of coherent 
land, which might be made double its present value by judicious and liberal top 
dressings of peat, which is also unproductive from causes of an opposite nature. 
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The present poverty of many extensive tracts of land is a manifest exhibition of 
the want of skill or enterprise of their owners and cultivators. 

Principles which should govern the Collection and Preeservation 
of the Excrements of Man and Animals, and the Products of 
Decomposing Vegetables. 

The valuable compound Ammonia, which results from the decompo- 
sition of the insoluble and soluble animal and vegetable remains of hu- 
man and animal faeces, and from the decomposition of the urea, uric 
acid, coloring and extractive matters of human and animal manures, and 
fi'om the decomposition of the nitrogen ized matters of vegetables, is both 
volatile and soluble. 

The rays of the sun will cause the ammonia to escape into the sur- 
rounding atmosphere ; whilst the rains, on the other hand, will dissolve 
and wash away this valuable ingredient. Caustic lime added to manure 
of any kind, animal or vegetable, will cause the ammonia to escape 
under any circumstances, whether it be exposed to the full blaze of the 
sun and the washing of every rain, or be carefully covered and excluded 
from both causes of dissipation. 

It is evident, therefore, that the planter should carefully exclude his 
manure heaps from the direct rays of the sun, and from the washing of 
the rain, and never apply caustic lime directly to his manure heaps. 

2. Under any circumstances, and even when the manure is carefully 
protected from the sun and the rains, the ammonia will, to a certain ex- 
tent, escape into the surrounding atmosphere. This escape is always 
attended by a deterioration of the value and efficacy of the manure. It 
8 desirable, therefore, to have some easy and cheap mode of rendering 
he ammonia stable, and of retaining it in the manure. This may be 
accomplished in various ways ; we will state the best and most efficacious. 

Finely divided charcoal scattered over the manure pile and in the 
stables and cow-pens, every day, will absorb the ammonia, and at the 
same time deodorize the excrements to a great extent. 

The mineral acids, Sulphuric, Nitric and Hydrochloric acids, diluted 
and sprinkled over the mauure, will combine with the volatile ammonia, 
and convert it into stable and at the same time soluble salts, of the great- 
est value in agriculture. 

3. The salts of the faeces, and urine, and of vegetables, are highly sol- 
uble, and are therefore washed away by rains. 

Manure exposed to the action of the sun and washing of the rains, 
loses both its ammonia and its salts, which alone render the manure 
valuable. 
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4. The urine, the fluid portion of the manure, ia proportionally far 
more valuable, as we have just shown in the analyses, than the faeces. 

If, therefore, the manure be collected and preserved upon the ground, 
the most valuable fluid ingredients will be absorbed by the ground to a 
greater or less extent, according to the structure of the soil, and the 
value of the manure will be proportionally diminished. 

5. Guided by the foregoing^ well established facts and principles, the 
following plan is at once suggested to the planter : 

Plan for the effectual Preservation of the Valuable Ingredients 

of Manure, 

a. The manure should always be collected and preserved under cover, 
sufl&ciently close to exclude the direct rays of the sun, and the rains. 

The expense of erecting sheds over hog-pens, cow-pens, sheep-pens, 
mule-pens, and over manure piles, will be repaid one thousand fold by 
the increased value of the manure. 

b. The surface upon which the manure rests should be water proof, 
and should be so arranged that the fluid portions may, when necessary, 
be drained off, and either added to the field in this state, or poured over 
the manure in mass. 

c. The ammonia should be fixed by the use of diluted Sulphuric, Hy- 
drochloric and Nitric acids. The commercial acids may be purchased 
at from 2 to 5 cents per pound. 

Four pounds of any one of these acids should be dissolved in a barrel 
of water, and this should be scattered over the pens in which the manure 
is being made, and over the manure piles, every morning after the cattle 
and horses and mules have been turned out ; then a layer of dry trash 
should be spread over the wet surface. To accomplish this we would 
require, for a medium sized place, say one of 30 working hands, with 
the usual proportion of horses, mules, oxen and cattle, upon our Georgia 
plantations, 1250 pounds of acid. This, at 5 cents per pound, would 
cost $63. This amount of acid would be capable of fixing more than 
an equal amount of ammonia, and if we assume that this element is worth 
14 cents per pound, then in this respect alone, the increased value of the 
manure would be at the lowest calculation $174, besides the value of the 
acids themselves, which is greater in an agricultural than a commercial 
point of view ; we may, therefore, safely affirm that the value of each 
pound of acid will be increased three fold. 

d. If the acids cannot be obtained, then pulverized charcoal should 
be scattered over the manure every morning. 

e. Gypsum, when it can be obtained at reasonable prices, may also 
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be used as a valuable means of fixing the ammonia. When scattered 
over the manure piles and mixed with the fermenting excrements, the 
ammonia combines with the sulphuric acid of the gypsum, and is thus 
fixed. 

We feel confident that one load of manure, made upon the plan 
with the acids, will be worth at least six loads of the manure now prepared 
by the great majority of the planters of Georgia. 

The following principles are so well established, and so simple and 
self-evident to the most casual observer, that it would almost appear to 
be a work of supererogation to urge them upon the planters of Georgia. 

Many other sources of fertility, as native beds of Gypsum, Feldspar, 
Green Sand,* deposits of Salt Marshes, and various indigenous vegeta- 
bles, as the Black Kush, demand careful examinations ; but they must 
necessarily, from the amount of labor necessary for thorough investiga- 
tions, be deferred to subsequent reports. 
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of Phosphate of Lime, p. 131. 
SOILS— Relations of Marls and Shell Limestone of Georgia to pp. 95, 119, 
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